
EP 0209341 B1 Description FIELD OF THE INVENTION The present invention
relates to amorphous chromium-metalloid alloys that  exhibit excellent
corrosion 5    resistance in strongly acidic and a alkaline environment  -
BACKGROUND OF THE INVENTION The tendency of metals to corrode has long been
a recognized concern. By corrosion is meant he degradation of a metal by
the environment by either chemical or electrochemical processes. A large 10
number of crystalline alloys have been developed with various degrees of
corrosion resistance in response to various environmental conditions on to
which the alloys must perform. As examples, stainless steel contains
nickel, chromium and/or molybdenum to enhance its corrosion resistance.
Glass and metals such as platinum, palladium, and tantalum are also known
to resist corrosion in specific environments. The shortcomings of such
materials lie in that they are not entirely resistant to corrosion and that
they have 15  restricted uses. Tantalum and glass resist corrosion in
acidic environments but are rapidly corroded by hydrogen fluoride and
strong base solutions. The corrosion resistance of an alloy is found
generally to depend on the protective nature of the surface film, generally
an oxide film. In effect, a film of a corrosion product functions as a
barrier against further corrosion. 20        recent years, amorphous metal
alloys have become of interest due to their unique characteristics. While
most amorphous metal alloys have favorable mechanical properties, they tend
to have poor corrosion resistance. An effort has been made to identify
amorphous metal alloys that couple favorable mechanical properties with
corrosion resistance. Amorphous ferrous alloys have been developed as
improved steel compositions. Binary iron-metalloid amorphous alloys were
found to have improved 25  corrosion resistance with the addition of
elements such as chromium or molybdenum, M. Naka et al., Journal of
Non-Crystalline Solids, Vol. 31, page 355, 1979. Naka et al. noted that
metalloids such as phosphorus, carbon, boron and silicon, added in large
percentages to produce the amorphous state, also influenced its corrosion
resistance. T. Masumoto and K. Hashimoto, reporting in the Annual Review of
Material Science, Vol. 8, page 215, 30  1978, found that iron, nickel and
cobalt-based amorphous alloys containing a combination of chromium,
molybdenum, phosphorus and carbon were found to be extremely corrosion
resistant in a variety of environments. This has been attributed to the
rapid formation of a highly protective and uniform passive film over the
homogeneous, single-phase amorphous alloy which is devoid of grain
boundaries and most other crystalline defects. 35     Many amorphous metal
alloys prepared by rapid solidification from the liquid phase have been
shown to have significantly better corrosion resistance than their
conventionally prepared crystalline counterparts, as reported by R. B.
Diegle and J. Slater in Corrosion, Vol. 32, page 155, 1976. Researchers
attribute this phenomena to three factors: Structure, such as grain
boundaries and dislocations; chemical composition; and homogeneity, which
includes composition fluctuation and precipitates. 40     Ruf and Tsuei
reported amorphous Cr-B alloys having extremely high corrosion resistance.
"Extremely High Corrosion Resistance in Amorphous Cr-B Alloys", Journal of
Applied Physics, Vol. 54 No. 10, p. 5705, 1983. Amorphous films of Cr-B
alloys containing from about 20 to 60 atomic percent boron were formed by
rf sputtering. At room temperature, Ruf and Tsuei reported that in 12N HCl
high corrosion resistance was observed only when boron as present in the
amorphous alloy at between 20 and 40 atomic percent. Bulk 45
polycrystalline Cr was reported to dissolve at about 700 millimeters/day in
12N HCI at room temperature. A thorough discussion of the corrosion
properties of amorphous alloys can be found in Glassy Metals: Magnetic,
Chemical, and Structural Properties, Chapter 8, CRC Press, Inc., 1983. In
spite of advances made to understand the corrosion resistance of amorphous
metal alloys, few alloys have been identified that exhibit little or no
corrosion under extremely harsh acidic and/or alkaline environments. Those
few alloys 50    which do exhibit such properties utilize expensive
materials in the alloy composition and so are prohibitive for many
applications where their properties are desired. Amorphous metal alloys
that have been studied for corrosion resistance have been evaluated under
relatively mild conditions, 1N-12N HCl, and at room temperature. However,
under more sever conditions, 



such as 6.5N HCl at elevated temperatures, [err] amorphous metal alloys
cited as having good corrosion 55    resistance may not be suitable for
use. What is lacking in the field of amorphous metal alloys are economical
alloy compositions that exhibit a high degree of corrosion resistance under
severely corrosive conditions. It is, therefore, one object of the present
invention to provide amorphous metal alloy compositions having excellent
corrosion resistance in acid environments. 60     It is another object of
the invention to provide such amorphous metal alloy compositions in a cost-
-   effective manner. These and other objects of the present invention will
become apparent to one skilled in the art in the following description of
the invention and in the appended claims. 65                              2
EP 0 209341 81 SUMMARY OF THE INVENTION The present invention relates to an
amorphous metal alloy of the formula: [ERR] wherein M is one element
selected from the group consisting of B, C, P, N, S, Sb and As; and when M
is B, x ranges from about 0.04 to about 0.16; when M is C, x ranges from
about 0.04 to about 0.20; and when M is P, N, S, Sb and As, x ranges from
about 0.04 to about 0.30. 10       The invention also relates to an
amorphous metal alloy of the formula: [ERR] wherein M is at least two
elements selected from the group consisting of B, C, P, N, S, Sb and As;
and wherein that portion of x due to B ranges from about 0.04 to about
0.16; that portion of x due to C ranges from about 0.04 to about 0.20; and
that portion of x due to P, N, S, Sb and As ranges from about 0.04 to about
0.30; with the provisos that x ranges from about 0.04 to about 0.30; that
portion of x due to M when M is B and/or C and when other M elements are
present ranges from about 0.04 to about 0.15; and the ratio of (x 20  due
to M when M is B and/or C and when other M elements are present) to (1-x)
is less than or equal to 0.5. The invention also relates to an amorphous
metal alloy as described above which additionally includes an element M',
wherein M' is at least one element selected from the group consisting of
Si, Al and Ge, and wherein M' is present in the alloy in an amount that is
less than or equal to 0.5(x), and not greater than 0.10. 25 DETAILED
DESCRIPTION OF THE INVENTION The compositions described herein are
substantially amorphous metal alloys. The term "substantially" is used
herein in reference to the amorphous metal alloys indicates that the metal
alloys are at least 50 percent amorphous as indicated by x-ray defraction
analysis. Preferably, the metal alloy is at least 80 percent amorphous, and
most preferably about 100 percent amorphous, as indicated by x-ray
defraction 30    analysis. The use of the phrase "amorphous metal alloy"
herein refers to amorphous metal-containing alloys that may also comprise
non-metallic elements. In accordance with the present invention there are
provided amorphous chromium-metalloid alloy compositions having the ability
to withstand corrosion under severely corrosive conditions. These amorphous
metal alloys are generally represented by the empirical formula: 35 [ERR]
wherein in one embodiment M is one element selected from the group
consisting of B, C, P, N, S, Sb and As; and 40      when M is B, x ranges
from about 0.04 to about 0.16; when M is C, x ranges from about 0.04 to
about 0.20; and when M is P, N, S, Sb and As, x ranges from about 0.04 to
about 0.30; and wherein in a second embodiment M is at lest two elements
selected from the group consisting of B, C, 



P. N, S, Sb and As; and 45      wherein that portion of x due to B ranges
from about 0.04 to about 0.16; that portion of x due to C ranges from about
0.04 to about 0.20; and that portion of x due to P, N, S, Sb and As ranges
from about 0.04 to about 0.30; with the provisos that x ranges from about
0.04 to about 0.30; that portion of x due to M when M is B and/or C and
when other M elements are present ranges from 50 about 0.04 to about 0.15;
and the ratio of (x due to M when M is B and/or C and when other M elements
are present) to (1-x) is less than or equal to 0.5. Those metalloid
elements, M, that have higher relative rates of dissolution result in
amorphous chromium-metalloid alloys with higher corrosion resistance.
Hence, under similar conditions the corrosion 55 rates of binary
chromium-metalloid amorphous alloys may be ranged as follows:
Cr-B>Cr-C>Cr-N>Cr-P>Cr-As. Each of these compositions, wherein the
chrome-metalloid composition contains a relatively low 60 percentage of the
metalloid, exhibit excellent corrosion resistance under severe conditions,
that is, a corrosion rate on the order of less than about 20 mm/yr when
tested in 6.5N HCI at [err]. The amorphous metal alloy compositions taught
herein are different from most amorphous compositions in the literature
that claim corrosion resistance in that the compositions herein are
conspicuous in the absence of iron, nickel and cobalt as is taught in the
literature. However, it is to be 65 recognized that the presence of other
elements as impurities in these amorphous metal alloy compositions 3    EP
0 209 341 B1 is not expected to significantly impair the ability of the
alloy to resist corrosion. Thus, trace impurities such as O, Te, Si, Al,
Ge, Sn and Ar are not expected to be seriously detrimental to the
preparation and performance of these materials. The present invention also
contemplates the inclusion of other metalloid elements, identified herein
by 5   the symbol M', that, while not significantly contributing to the
corrosion resistance of the amorphous alloy, may provide other desirable
properties such as wearability, and may contribute to the formation of the
amorphous state. Such M' elements include Si, Al and Ge. These M' elements
may be present in the amorphous alloy in an amount that is less than or
equal to one-half the amount of the M elements in the alloy, but not
greater than ten atomic percent to     The corrosion resistance of
amorphous chromium-metalloid alloys having significantly higher metalloid
contents than those taught herein have been reported as excellent. However,
it is shown herein that the greater metalloid content of these disclosed
alloys reduces the corrosion resistance of these materials, as compared to
those chromium-metalloid alloys disclosed herein. The relative corrosion
rates become evident when amorphous chromium-metalloid alloys are subjected
to severely corrosive 15  environments. To insure the desired corrosion
resistant properties of the amorphous metal alloy compositions now
described, it is important to maintain the integrity of the amorphous
state, and so it is not intended that these materials be exposed to an
environment wherein the temperature of the alloy may reach or exceed its
crystallization temperature. 20      The substantially amorphous metal
alloys taught herein may exist as powders, solids or thin films. The alloys
may exist separately or in conjunction with a substrate or other material.
A coating of the amorphous metal alloy may be provided into a substrate to
impart the necessary corrosion resistance to the substrate material. Such a
physical embodiment of the amorphous metal alloy may be useful as a coating
on the interior surface of a chemical reaction vessel, as a coating on
structural metal exposed to sea water or other 26  strongly corrosive
environments and as a coating on the surface of pipelines and pumps that
transport acidic and/or alkaline chemicals. The amorphous metal alloy,
because of its inherent hardness, may also be fabricated into any shape,
and used freestanding or on a substrate for applications in harsh
environments. 



The compositions taught herein can be prepared by any of the standard
techniques for the synthesis of amorphous metal alloy materials. Thus,
physical and chemical methods such as electron beam deposition, 30
chemical reduction, thermal decomposition, chemical vapor deposition, ion
cluster deposition, ion plating, liquid quenching, RF and DC sputtering may
be utilized to form the compositions herein as well as the chemical vapor
deposition method referred to hereinabove. BRIEF DESCRIPTION OF THE
DRAWINGS 35      The invention will become further apparent from a
consideration of the accompanying figures, which are discussed in detail
with the following examples, wherein: Figure 1 is a graph of the corrosion
rates of amorphous Cr-B alloys in 6.5N HCl at about [err]; and Figure 2 is
a graph of the corrosion rates of amorphous Cr-B alloys in 6.5N HCl at
about [err]. 40                                          Examples The
following examples demonstrate the corrosion resistance of various
amorphous chromium- metalloid compositions. It is to be understood that
these examples are utilized for illustrative purposes only, and are not
intended, in any way, to be limitative of the present invention. The
samples described and evaluated below were prepared by RF sputtering in the
following manner: 45  A 2" research S-gun manufactured by Sputtered Films,
Inc. was employed. As is known, DC sputtering can also be employed to
achieve similar results. For each sample a glass substrate was positioned
to receive the deposition of the sputtered amorphous metal alloy. The
distance between the target and the substrate in each instance was about 10
cm. The thicknesses of the films were measured by a quartz crystal monitor
located next to the deposition sight. The average film thickness was about
1000 Angstroms. Confirmation 60  of film thickness was done with a Dektak
II, a trade name of the Sloan Company. Each sample was analyzed by X-ray
diffraction to confirm the composition and to verify that the composition
was amorphous. Samples to be evaluated at either [err] or [err] were
attached to a flattened glass rod with silicon adhesive, then fully
immersed into a magnetically stirred, aqueous environment in which it was
to be tested. No attempt was made to remove dissolved oxygen from these
solutions. The 55  temperature of each test environment was maintained
within [err] of the test temperature. Samples to be evaluated in a
refluxing environment (approximately [err]) were glued with a silicon
adhesive to the bottom disc of a cylindrical reactor fitted with a reflux
condenser. Each sample remained in its test environment for a period of
time after which a corrosion rate could be measured. Generally, the alloy
composition of each sample was about totally consumed in the test. The 60
time each sample was tested varied as a function of the composition being
tested and the test environment. Samples were exposed to the test
environments for periods of time ranging from several seconds to several
hundred hours. Example 1 65     In this example a series of six amorphous
Cr-B alloys were subjected to a test environment of 6.5N HCI 4    EP 0209
341 B1 maintained at about [err]. The amount of chromium and boron was
varied in each alloy, the amount of boron in the alloys ranging from about
four atomic percent to about forty atomic percent. The corrosion rates
of-these alloys as tested were extrapolated to annual corrosion rates and
are presented in Figure 1. As can be seen from the Figure, the corrosion
rates of amorphous chromium-boron 5   alloys wherein boron exists in the
alloy in an amount of from about thirty atomic percent to about forty
atomic percent is in the range of from about 150 to about 160 mm/year. This
corrosion rate compares favorably to the corrosion rate of a
polycrystalline chromium film, which under milder conditions of 12N HCI at
room temperature has a corrosion rate of about 5800 mm/year. When the
amorphous chromium-boron alloy contains less than about fifteen atomic
percent boron, the 10   corrosion rate of the alloy drops rapidly with
reduced boron content to less than 1 mm/yr. In the range of boron content
between about four and fifteen atomic percent, the corrosion rates of these
chromium-boron alloys range from about <0.008 to about 0.65 mm/year. 



Example 2 15     A series of six amorphous chromium-boron alloys were
tested in an environment of 6.5N HCI maintained at about [err]. As in
Example 1 above, the amount of boron in these alloys varied from about four
atomic percent to about forty atomic percent. After testing in 6.5N HCl at
about [err] for a time sufficient to measure corrosion of the sample, an
annual corrosion rate for each sample was calculated and is depicted in the
graph in Figure 2. As can be 20  seen from Figure 2, the corrosion rates of
chromium-boron alloys tested under these conditions vary as a function of
the boron content of the alloy. Notably, when the boron content of the
binary alloy is less than about ten atomic percent, the alloy exhibits a
corrosion rate under these circumstances of less than about twenty mm/yr.
When the boron content of the amorphous binary alloy exceeds fifteen atomic
percent, then the corrosion rate is significantly higher, in the range of
from about 800 mm/yr to about 900 mm/yr for 25  alloys having a boron
content between fifteen and forty percent. While the corrosion rates of the
amorphous Cr-B binary alloys are significantly lower than that of
polycrystalline chromium metal, the corrosion rate is dramatically
decreased when the boron content of the chromium-boron alloy is less than
fifteen atomic percent. 30                                       Examples
3-10 Several chromium-metalloid compositions were tested under severe
environmental conditions of 6.5N HCI at about [err], refluxing (108C) 6.5N
HCl, concentrated hydrofluoric acid (50 percent) and/or a 50/50 volume
percent solution of concentrated hydrofluoric acid and concentrated nitric
acid. These compositions included amorphous chromium-phosphorus and
chromium-arsenic binary alloys as well as 35  chromium-metalloid alloys
having more than one metalloid element. The results of exposure to these
environments is summarized in Table 1 below. A dashed line in the Table
indicates that no test was performed. 40 45 50 55 60 65 5    EP 0 209341 B1
[ERR]    EP 0 209 341 B1 As can be seen from Examples 3-6 in the Table,
binary amorphous chromium-phosphorus and chromium-arsenic alloys exhibit
excellent corrosion resistance when subjected to refluxing 6.5N HCI,
concentrated hydrofluoric acid, and a 50/50 volume mixture of concentrated
hydrofluoric acid and nitric acid; the corrosion rates in all environments
ranging from less than about 0.005 mm/yr to only about 0.022 5   mm/yr.
Example 7 depicts an amorphous chromium-multimetalloid alloy in accordance
with the present invention that, in refluxing 6.5N HCI, exhibited a
corrosion rate of about 0.181 mm/yr. Example 8 depicts an amorphous
chromium-multimetalloid alloy similar to the alloy in Example 7, except
that a portion of chromium was replaced with Si, as taught herein. After
testing in refluxing 6.5N 10   HCI, this alloy had a corrosion rate of
about 0.388 mm/yr. Example 9 evaluated an amorphous chromium-multimetalloid
alloy that included Si as an M' element as taught herein. When tested in
6.5N HCI at about [err], this alloy had a corrosion rate of about 0.35 mm/
year. A chrome-metalloid alloy having Si as an M' element therein was also
tested in Example 10 in 6.5N 



HCl maintained at about [err]. Si was present in the alloy of Example 10 in
an amount of about 20 atom 15  percent which is outside the teaching of
this disclosure. The corrosion rate of this alloy was about 607 mm/ year,
which exceeds the corrosion resistance of the alloy compositions taught
herein. Thus it is seen that the compositions in accordance with the
teachings herein exhibit excellent corrosion resistance to severely
corrosive environments. The fact that these compositions are amorphous
metal alloys also indicates that their mechanical properties are relatively
high, and so the compositions 20   should be quite useful in environments
in which resistance to both erosion and corrosion is needed. In addition,
these compositions do not require the use of precious or semi-precious
metals, and so are economically feasible for a wide range of practical
applications. Claims 25 1. Amorphous metal alloy of the formula: [ERR] 30
wherein M is one element selected from the group consisting of B, C, P, N,
S, Sb and As; and when M is B, x ranges from about 0.04 to about 0.16; when
M is C, x ranges from about 0.04 to about 0.20; and when M is P, N, S, Sb
and As, x ranges from about 0.04 to about 0.30. 2. The amorphous metal
alloy in accordance with Claim 1 wherein said alloy includes an element M',
35 wherein M' is at least one element selected from the group consisting of
Si, Al and Ge, and wherein M' is present in the alloy in an amount that is
less than or equal to 0.5(x), and not greater than 0.10. 3. The amorphous
metal alloy in accordance with Claim 1 wherein said amorphous metal alloy
is at least 50 percent amorphous. 4. The amorphous metal alloy in
accordance with Claim 1 wherein said amorphous metal alloy is at 40 least
80 percent amorphous. 5. The amorphous metal alloy in accordance with Claim
1 wherein said amorphous metal alloy is about 100 percent amorphous. 6. An
amorphous metal alloy of the formula: [ERR] wherein M is at least two
elements selected from the group consisting of B, C, P, N, S, Sb and As;
and wherein that portion of x due to B ranges from about 0.04 to about
0.16; that portion of x due to C ranges from about 0.04 to about 0.20; and
50      that portion of x due to P, N, S, Sb and As ranges from about 0.04
to about 0.30; with the provisos that x ranges from about 0.04 to about
0.30; that portion of x due to M when  is B and/or C and when other M
elements are present ranges from about 0.04 to about 0.15; and the ratio of
(x due to M when M is B and/or C and when other M elements are present) to
(1-x) is less 55  than or equal to 0.5. 7. The amorphous metal alloy in
accordance with Claim 6 wherein said alloy includes an element M', wherein
M' is at least one element selected from the group consisting of Si, Al and
Ge, and wherein M' is present in the alloy in an amount that is less than
or equal to 0.5(x), and not greater than 0.10. 8. The amorphous metal alloy
in accordance with Claim 6 wherein said amorphous metal alloy is at 60
least 50 percent amorphous. 9. The amorphous metal alloy in accordance with
Claim 6 wherein said amorphous metal alloy is at least 80 percent
amorphous. 10. The amorphous metal alloy in accordance with Claim 6 wherein
said amorphous metal alloy is at least 100 percent amorphous. 65 7    EP 0
209 341 B1 



As can be seen from Examples 3-6 in the Table, binary amorphous
chromium-phosphorus and - chromium-arsenic alloys exhibit excellent
corrosion resistance when subjected to refluxing 6.5N HCl, concentrated
hydrofluoric acid, and a 50/50 volume mixture of concentrated hydrofluoric
acid and nitric acid; the corrosion rates in all environments ranging from
less than about 0.005 mm/yr to only about 0.022 5   mm/yr. Example 7
depicts an amorphous chromium-multimetalloid alloy in accordance with the
present invention that, in refluxing 6.5N HCl, exhibited a corrosion rate
of about 0.181 mm/yr. Example 8 depicts an amorphous
chromium-multimetalloid alloy similar to the alloy in Example 7, except
that a portion of chromium was replaced with Si, as taught herein. After
testing in refluxing 6.5N 10  HCl, this alloy had a corrosion rate of about
0.388 mm/yr. Example 9 evaluated an amorphous chromium-multimetalloid alloy
that included Si as an M' element as taught herein. When tested in 6.5N HCI
at about [err], this alloy had a corrosion rate of about 0.35 mm/ year. A
chrome-metalloid alloy having Si as an M' element therein was also tested
in Example 10 in 6.5N HCI maintained at about [err]. Si was present in the
alloy of Example 10 in an amount of about 20 atom 15  percent which is
outside the teaching of this disclosure. The corrosion rate of this alloy
was about 607 mm/ year, which exceeds the corrosion resistance of the alloy
compositions taught herein. Thus it is seen that the compositions in
accordance with the teachings herein exhibit excellent corrosion resistance
to severely corrosive environments. The fact that these compositions are
amorphous metal alloys also indicates that their mechanical properties are
relatively high, and so the compositions 20  should be quite useful in
environments in which resistance to both erosion and corrosion is needed.
In addition, these compositions do not require the use of precious or
semi-precious metals, and so are economically feasible for a wide range of
practical applications. Claims 25 1. Amorphous metal alloy of the formula:
[ERR] 30  wherein M is one element selected from the group consisting of B,
C, P, N, S, Sb and As; and when M is B, x ranges from about 0.04 to about
0.16; when M is C, x ranges from about 0.04 to about 0.20; and when M is P,
N, S, Sb and As, x ranges from about 0.04 to about 0.30. 2. The amorphous
metal alloy in accordance with Claim 1 wherein said alloy includes an
element M', 35  wherein M' is at least one element selected from the group
consisting of Si, Al and Ge, and wherein M' is present in the alloy in an
amount that is less than or equal to 0.5(x), and not greater than 0.10. 3.
The amorphous metal alloy in accordance with Claim 1 wherein said amorphous
metal alloy is at least 50 percent amorphous. 4. The amorphous metal alloy
in accordance with Claim 1 wherein said amorphous metal alloy is at 40
least 80 percent amorphous. 5. The amorphous metal alloy in accordance with
Claim 1 wherein said amorphous metal alloy is about 100 percent amorphous.
6. An amorphous metal alloy of the formula: [ERR] wherein M is at least two
elements selected from the group consisting of B, C, P, N, S, Sb and As;
and wherein that portion of x due to B ranges from about 0.04 to about
0.16; that portion of x due to C ranges from about 0.04 to about 0.20; and
so     that portion of x due to P, N, S, Sb and As ranges from about 0.04
to about 0.30; with the provisos that x ranges from about 0.04 to about
0.30; that portion of x due to M when M is B and/or C and when other M
elements are present ranges from about 0.04 to about 0.15; and the ratio of
(x due to M when M is B and/or C and when other M elements are present) to
(1-x) is less 55 than or equal to 0.5. 7. The amorphous metal alloy in
accordance with Claim 6 wherein said alloy includes an element M', wherein
M' is at least one element selected from the group consisting of Si, Al and
Ge, and wherein M' is 



present in the alloy in an amount that is less than or equal to 0.5(x), and
not greater than 0.10. 8. The amorphous metal alloy in accordance with
Claim 6 wherein said amorphous metal alloy is at 60  least 50 percent
amorphous. 9. The amorphous metal alloy in accordance with Claim 6 wherein
said amorphous metal alloy is at least 80 percent amorphous. 10. The
amorphous metal alloy in accordance with Claim 6 wherein said amorphous
metal alloy is at least 100 percent amorphous. 65 7    EP 0 209 341 B1
Patentansprfiche 1. Amorphe Metallegierung der Formel s
Cr,-.M. worin M sin Element ist, ausgewihit aus der Gruppe von B, C, P. N,
S, Sb und As; und wenn M die Bedeutung von B hat, x im Bereich von etwa
0,04 bis etwa 0,16 iiegt; wenn M die Bedeutung von C hat, x im Bereich von
etwa 0,04 bis etwa 0,20 liegt; und t      wenn M die Bedeutung von P, N, S,
Sb und As hat, x im Bereich von etwa 0,04 big etwa 0,30 liegt. 2. Amorphe
Metallegierung nach Anspruch 1, worin die Legierung ein Element M' umfalst,
worin M' mindestens ein Element ist, ausgewihit aus der Gruppe von Si, Al
und Ge, und worin M' in der Legierung in einer Menge vorhanden ist, die
weniger oder gleich 0,5(x) und nicht graser als 0,10 ist. 3. Amorphe
Metallegierung nach Anspruch 1, worin die amorphe Metallegierung mindestens
50 15  Prozent amorph ist. 4. Amorphe Metallegierung nach Anspruch 1, worin
die amorphe Metallegierung mindestens 80 Prozent amorph ist. 5. Amorphe
Metallegierung nach Anspruch 1, worin die amorphe Metallegierung mindestens
100 Prozent amorph ist. 20      6. Amorphe Metallegierung der Formel
Cr1_xM. worin M mindestens zwei Elemente ist, ausgewihit aus der Gruppe von
B, C, P. N, S, Sb und As; und 25      worin der Tell von x, bedingt durch
B, im Bereich von etwa 0,04 bis etwa 0,16 liegt; der Teil von x, bedingt
durch C, im Bereich von etwa 0,04 bis etwa 0,20 Iliegt; und der Teil von x,
bedingt durch P. N, S, Sb und As, im Bereich von etwa 0,04 big etwa 0,30
liegt; mit den Maggaben, dag x im Bereich von etwa 0,04 bis etwa 0,30
liegt; dal der Tell von x, bedingt durch M, wenn M die Bedeutung von B
und/oder C hat, und wenn andere 30  Elemente M vorhanden sind, im Bereich
von etwa 0,04 bis etwa 0,15 liegt; und daB das Verhaltnis von (x bedingt
durch M, wenn M die Bedeutung von B und/oder C hat, und wenn andere
Elemente M vorhanden sind), zu (1-x) weniger als oder gleich 0,5 ist. 7.
Amorphe Metallegierung nach Anspruch 6, worin die Legierung ein Element M'
umfa~t, worin M' mindestens ein Element ist, ausgewihIt aus der Gruppe von
Si, Al und Ge, und worin M' in der Legierung 35  in einer Menge, die
kleiner als oder gleich 0,5(x) und nicht gr6Ber als 0,10 ist, vorhanden
ist. 8. Amorphe Metallegierung nach Anspruch 6, worin die amorphe
Metallegierung mindestens 50 Prozent amorph ist. 9. Amorphe Metalleglerung
nach Anspruch 6, worin die amorphe Metallegierung mindestens 80 Prozent
amorph ist. 40      10. Amorphe Metallegierung nach Anspruch 6, worin die
amorphe Metallegierung mindestens 100 Prozent amorph ist. Revendications 45
1. Alliage metallique amorphe de la formule: -Cr,_xA. 



caract6ris6 par le fait quo M est un 6lement choisi parmi le group.
constitu6 de B, C, P. N, S, Sb et As; et 50      si M est B, x vaut
d'environ 0,04 3 environ 0,16; si M est C, x vaut d'environ 0,04 A environ
0,20; et si M est P. N, S, Sb et As, x vaut d'eviron 0,04 3 environ 0,30.
2. Alliage metallique amorphe salon la revendication 1, caracterise par le
fait quo ledit alliage inclut un e61ment M' ob M' est au moins un 6l6ment
choisi parmi le groupo constitu6 de Si, Al et Ge, et ob M' est 55  present
dans l'alliage dans une proportion inferieure ou 6gale A 0,5(x), et non
superieure 3 0,10. 3. Alliage metallique amorphe selon la revendication 1,
caract6rise par Is fait quo ledit alliage m6tallique amorphe oet au moins
amorphe A 50 pour cent. 4. Alliage metallique amorphe selon la
revendication 1, caract6rise par le fait que ledit alliage metallique
amorphe est au moins amorphe a 80 pour cent. 60      5. Alliage metallique
amorphe salon la revendication 1, caracterise par le fait que ledit alliage
m6tallique amorphe est amorphe A environ 100 pour cent. 6. Alliage
m6tallique amorphe de la formule: 65 8 ~    ~~~~~    L  Nlll Siil{ll1ll l1i
EP 0 209 341 B1 caract6ris6 par la fait que M est au moins deux 6l6ments
choisis parmi le groupe constitue de B, C, P. N, S, Sb et As; et ob la
portion de x due A B vaut d'environ 0,04 a environ 0,16; la portion de x
due A C vaut d'environ 0,04 A environ 0,20; et 5      la portion de x due A
P. N, S. Sb et As vaut d'onviron 0,04 A environ 0,30; 3 condition quo x
soit d'environ 0,04 a environ 0,30; que la portion de x due A M, si M est B
etiou C et si d'autres 6l6ments M sont presents, soit d'environ 0,04 A
0,15; et quo le rapport entre (x dO A M si M est B etlou C et si d'autres
6elments M sont pr6sents) et (1- x) soit inf6rieur ou 6gal A 0,5. 10     7.
Alliage metallique amorphe selon Ia revendication 6, caract6ris6 par le
fait quo ledit alliage contient un 6l6ment M', ob M' est au moins un
6l6ment choisi parmi le groupe constitue de Si, Al et Ge, et od M' est
present dans lalliage dans une proportion inferieure ou 6gale A 0,5(x) et
non sup6rieure A 0,10. S. Alliage m6tallique amorphe selon la revendication
6, caract6risd par le fait quo ledit alliage metallique amorphe est amorphe
A emviron 50 pour cent. 9. Alliage metallique amorphe selon la
revendication 6, caract6rise par le fait que ledit alliage metallique
amorphe est amorphe A environ 80 pour cent. 10. Alliage metallique amorphe
selon la revendication 6, caracterise par le fait quo iedit alliage
metallique amorphe est amorphe A environ 100 pour cent. 20 25 30 35 40 45
50 55 60 65    


