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MAGNESIUM-BASED ALLOYS FIELD OF THE INVENTION 5The present
invention relates to compositions and structure of deformable alloys based on
magnesium having optimal mechanical properties such as strength, plasticity,
etc. or resistance to corrosion, including in vivo. Alloys of the new group have
excellent formability at gp rEasion stability in sodium
chloride solution and in %ﬁg%ﬁ@%ﬁgf??ﬁ‘xﬁﬁm heat resistance.
They can be used in various 10technical fields. BACKGROUND OF THE
IIFEER DDTHE INVIENTUON a light metal, is an attractive material used in
constructions, for example, 15 in the automobile and space industries for
q?nufacturtl I_g/of casef for notebooks6 mobé Fhones fet %:5 le q
P58 VAT 3R Sirdgil, FUBRHEES 4ha PIUStithy 8Sl5’§”e“ He'h: ca%e
cOpsRAGASiTireaYNOaliiow, rﬁ@é@ﬁrésm mmtlaswl‘eéﬁsﬁémaéﬂﬂo RiasHekio tc.
becasrptéssitongsione Iiﬁiillﬁiiﬁg:thdi'ﬁyv&' sy Eher amndynaRygiousSRaMAGREMHT
'Wo?ﬁ%'gbfﬁ VV%P%Q.%' Qﬁlgér 9{% R MRS F?&B”ﬁt S?o% AHPHSMHEE solution and
e influence o al

20impro ro ertles ements on mechanical and
cB‘r%%Wp‘?B@érﬁ%s"’SF ARGHeRemh %@eyw{aeﬂestumm (RSP BreATUS
blecminalifteidomponent alloys their mutual (namely: combined, joint,
aggregate, etc.) influence can appear complex and 25unpredictable.
Therefore, the choice of the basic alloying elements and their interrelation in
aBANKERAOYNDBIDMTHEINYENT INits properties. Industrial alloys of
magnesium are subdivided into groups according to additional alloying
elements such as lithium, aluminium, zinc, yttrium, etc. For example, under
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uisgaldvedariopsttechnical fields. Mechanical properties of magnesium alloys
as 5 well as other metallic alloys with fixed composition are operated by
changln?gthe worked combination of hardening and plastic deformation

meEnAHILERSeTIL Rt Sk BRI S fR AT PR s e TTORRRgR"BPY es Of
stragtwslimanidition welastedley iarinsty akstedse ot én usdtiofepeaiahhalmys their

tr@aimReHamely: combined, joint, aggregate, etc.) influence can appear complex and
unpredictable. Therefore, the choice of the basic alloying elements and their
interrelation in an alloy has defining influence on its properties.

Industrial alloys of magnesium are subdivided into groups according to additional
alloying elements such as lithium, aluminium, zinc, yttrium, etc. For example, under the
ASTM specification there are groups of magnesium alloys based on lithium - LA (Mg-
Li-Al), LAE (Mg-Li-Al-P3M), aluminium - AM (Mg-Al-Mn), AZ (Mg-Al-Zn), AE (Mg-Al-
RE), where RE stands for rare earth metals, based on zinc - ZK (Mg-Zn-Zr), ZE (Mg-
Zn-RE) and ZH (Mg-Zn-Th); or on the basis of yttrium - WE (Mg-Y-Nd-Zr), etc.



10

15

20

25

30

35

10Corrosion rate of magnesium strongly depends on its purity. For example,
in a 4% water solution of sodium chloride a corrosion rate of magnesium
purity of 99.9% is hundreds of times higgher than for magnesium with purity of
99 99%. Alloying elements of an alloy, their distribution as well as the
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25 of magnesium alloys w considered below under the specified
temperature conditions. The data on improvement of strength-, creep
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room temperature the ultimate elongation of alloy Mg-11% Li reaches 39% at
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characterlstlcs of magnesium alloys at elevated and high temperatures will be
considered only partially. This data will be dropped, because, though the improved
strength of such alloys will be maintained at room temperatures, the plastic
characteristics in these conditions can be strongly reduced.

Unless specified otherwise, the description of the properties of the known magnesium
alloys will relate to the range of temperatures varying from 20 — 50 °C, and the
composition of the alloys will always be defined as a percentage on weight. (Note: The
definition “percentage on weight” is used most often, but “mass percentage” is truer
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15 shown that the addition of 0.6% Al into the alloy Mg-9% Li leads to
substantial increase in strength at temperatures below 200 C in a wide range
of deformation rates. Corrosion stability of alloys with such composition
increases also. Some other combinations of alloying elements are available
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a- an beta phases of alloy matrix. Such structure raises the strength of an alloy.

However, though barium has b.c.c. lattice, it has a low solubility limit in Mg and forms

intermetallic compounds Mg,,Ba, that noticeably reduce plastic characteristics of Mg-Li

alloys.

U.S. Pat. No. 1991/5 059 390 describes “a dual-phase magnesium-based alloy
consisting essentially of about 7-12% lithium, about 2-6% aluminum, about 0.1-2% rare
earth metal, preferably scandium, up to about 2% zinc and up to about 1%
manganese. The alloy exhibits improved combinations of strength, formability and/or

corrosion resistance".
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related parts. U.S. Pat. No. 2002/6 395 224 describes an alloy which
"includes magnesium as a main component, boron of 0.005 weight % or
more, manganese of 0.03 to 1 weight %, and 25 substantially no zirconium or
titanium. This magnesium alloy may further include aluminum of 1 to 30
weight % Al and/or zinc of 0.1 to 20 weight %. Because of appropriate
amounts of boron and manganese contained in the magnesium alloy, the

ofBiR 3t te HAGRE N AP RSFEMBRINeRE AlRANRIEHAR RS/ fogsieudion
incatase dconethiagigate Hava tiemnstioseoh tinesadtidy e 3 i thk Solleaindl op200576

ORP 4P ipdisclosesaheald voisiany Branasium aloy for casting that

includes 6-12% aluminum, 0.05-4% calcium, 0.5-4% rare earth elements,

0.05-0.50 % manganese, 0.1-14 % tin, balance are magnesium and
ineVitah| €ain Ploriti@9 3 838r Gfe o MpikamRE MIepstipe Thprodéerdivishaat
resjFvaaectoniihatdhrongnesym faHaxbilkyAne rgridgoanraldlowadbesndesthbed.
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plasticity at a room temperature, magnesium-zinc- having average
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yimloLstien Gilviin shibaged reshuitiakef o) .aHavie veanaloy sscah@aiing thorium
are not manufactured anymore because of their radioactive components.
UMS. Iaﬁ No. 2001/6 193 817 de cribgs another ma ne§ium hased alllo for
high ’&3&%&@8@%@&%&8@4 éf?sﬁrSV{Hﬁ%‘eg%%H %u‘% b AntPE8YRodRbHeatons
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ing elements improve strength and corrosion characteristics o 0ys
P EHHGRARERIAYS reduce their plasticity. In addition, 15these elements are
unsuitable for using alloys in structural elements of

U.S. Pat. No. 2005/0 129 564 describes an alloy consisting of 10 to 15% Al, 0.5 to 10%
Sn, 0.1 10 3% Y and 0.1 to 1% Mn, the balance being Mg and inevitable impurities. The
magnesium alloy exhibits good creep properties and is particularly suitable for engine
related parts.

U.S. Pat. No. 2002/6 395 224 describes an alloy which “includes magnesium as a main
component, boron of 0.005 weight % or more, manganese of 0.03 to 1 weight %, and
substantially no zirconium or titanium. This magnesium alloy may further include
aluminum of 1 to 30 weight % Al and/or zinc of 0.1 to 20 weight %. Because of
appropriate amounts of boron and manganese contained in the magnesium alloy, the
grain of the magnesium alloy is refined.” The structure refinement leads to increased
mechanical characteristics of this alloy.

In U.S. Pat. No. 2005/0 095 166 is disclosed a heat resistant magnesium alloy for
casting that includes 6-12 % aluminum, 0.05-4 % calcium, 0.5-4 % rare earth elements,
0.05-0.50 % manganese, 0.1-14 % tin, balance are magnesium and inevitable
impurities. The problem of this invention is the improvement of heat resistance for the

magnesium alloy.
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endoprosthesises (not biocompatible). Among Mg-RE alloys compositions of
the WE type (Mg-Y-Nd-Zr) are the most known. These alloys have quite a
good formability and increased corrosién resistance. 20 According to the
specification of the Manufacturer (Magnesium Elektron Ltd., Manchester,
England) the ultimate elongation for alloy ELEKTRON WE43 can reach 16 %
at a room temperature, and the corrosion rate |s£2ual 0.1 -0.2 mg/cm2/day
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room temperature - up to 10%. 30Various changes of a composition of
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and incidental impurities. 6 Corrosion stability of any magnesium alloys
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| is 5 o 19%
At e B L e, B
Oeﬁﬁ%rRﬁ”t?ﬁésﬁ?r\@% RiPEPAPRAIRLY - in the alloy AZ91C). The JP Pat. No.

2000/282 165 describes an Mg-Li alloy with the improved corrosion
@mtﬁ&%EEB%@;@ycs%@lﬂédér&%%%ybbq%mm'Hm Wl Bst known.

o=
c?ﬁcentr tion of 10iron which n(gprowde y a fusion in a
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léo at a room temperature, and the corrosion rate is equal 0.1 - 0.2 mg/cm?/day (B117
salt spray test) or 0.1 mg/cm?/day (sea water immersion test). However, in many cases
deformability of alloy WEA43 is insufficient, and the spread of mechanical characteristics
for ingots is very great: the elongation varies from 2 - 17%, in average 7%, data of the
Manufacturer for 215 samples. When deformed and treated for stabilization and age-
hardening (condition T6), alloys WE43 show more stable, but still low plasticity at a
room temperature - up to 10%.

Various changes of a composition of Mg-RE alloys are offered how to increase their
characteristics. U.S. Pat. No. 2003/0 129 074 describes high temperature resistant
magnesium alloys containing at least 92% magnesium, 2.7 to 3.3% neodymium, 0.0 to
2.6% yttrium, 0.2 to 0.8% zirconium, 0.2 to 0.8% zinc, 0.03 to 0.25% calcium and 0.00
to 0.001% beryllium. The alloy may additionally contain up to 0.007% iron, up to
0.002% nickel, up to 0.003% copper and up to 0.01% silicon and incidental impurities.
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Stents are implanted into a vessel lumen after carrying out a percutaneous
transluminal coronary angioplasty (PTCA), while the narrowed (stenosis)
vessel lumen is expanded by means of an inflated balloon, after the balloon
has been positioned at the affected site of the vessel. Stents in form of
scaffolds prevent the collapse of the 20expanded vessel and provide the
necessary blood stream through the lumen. One of the side effects of
aHgiER5I8 s RO HRe PrENORRMEH RIS QURESIBV e Selphid BT difeFatioh 3t Cu
simootity neusisleAcetigling idetib @riesst| dloyekZ0atised bycthesivumnatefiP $dtAog
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pPeViefte OBt ellicioamharseohtclsd maurfadee @lene R may remain
uncoated for months and may provoke the occurrence of coronary
t IS, SpMet| t r.year r 0 :
e s B R P
yEssieiaieer e stomtaPRFastaRdR. 1R %ibI GELiMadnas) re Ydkrgrfgrogngation of
interest&d mposohithes prodidgdanebiesion biaresmibableistecigeretidy chrome
iIpReHantigsvantage of such stents consists in a slow dissolution in vivo of
the stent structural material and in gradual disappearance of this 7 device
after it has executed its medical function of supporting the vessel wall. In
sBering Woayasheedpsigopeseslrriv e raeeos e AN BRI O Yscas aiRtialsfuitable
thep bohesigdonmaiiruRtesironalghals sEipuiddnasRi patsadsic seeslarical
characteristics in order to withstand 5 the elastic recoil due to the vessel wall
pressure (radial stability) and to increase the initial stent diameter (for

e§%ﬁle@rﬁnﬁgﬁ)lﬁﬁe§ctfﬁw oft b4ABRSH ﬁf@?éh@j%p%%@w%‘l‘kiﬁg BEURDeSLt
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S bstﬁncea dlltmng ﬁle rada]tl [in viv %eer.SffPlgtt. I}IQ/ %O 5/0 266 O4Jf)t'h
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and temperature-sensitive. Most perspective materials for the

e R AR LT

a'living body (in vivo). Magnesium alloys

hefou erakpnepRatRRitdPYRRe R BS O P ARSTENEMSOREMTSd B8 Hsoiniury of
describdsa smeditahiusyidartdimnpeéiérationriags eshnerabl 38 cosdbsnifiygsaefthitions

of iRERtRAFRVBRIRISHNAdithlsmwia ke dollewingPrigeedich as sirolimus or
paclitaxel. Unfortunately, because cell proliferation is sometimes prevented too
efficiently, the metallic surface of the stent may remain uncoated for months and may
provoke the occurrence of coronary thrombosis, sometimes months or years after the
coated stent has been implanted in the artery. This may lead to sudden death,

sometimes many years after the stent implantation.

As aforesaid, many researchers are interested in biosoluble, biodegradable, or
bioresorbable stents. The important advantage of such stents consists in a slow
dissolution in vivo of the stent structural material and in gradual disappearance of this
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20 features: 0-7 wt. % lithium, 0-16 wt. % aluminum and 0-8 wt. % rare earth
metals. The rare earth metals are cerium, neodymium and/or praseodymium.
Examples of alloys are Mg Li4 A14 5E2 (where SE = rare earth) or
MgY4SE3Li2.4. This patent describes experiments on anlmals too, with
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portion of 0.01 to 7 mass % and rare earth metals in a portion of 0.01 to 8 mass %.

US Pat. No. 2004/0 098 108 describes endoprostheses with a carrier structure, which
contains a metallic material, wherein the metallic material contains a magnesium alloy
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9 The mechanical characteristics and corrosions rates of some most widely
known magnesium-based alloys are summarized in the table 1 (data are
taken from different sources). 10 Tabl@ 1. Comparative characteristics of
some magnesium alloys ALLOY YS , MPa UTS , MPa Ultimate elongation, %

CRHRIORIAG ESRTALIRSN HRKGRM-ORBHIONMIR A3 7048328 % arths 1.5%-

4.4% and balance <1%. This composition corresponds essentially to the alloy WE43.

Other patents of the same inventors (EP 2004 1 419 793, WO 2004 043 474, EP
2005/1 562 565, US 2005/0 266 041, US 2006/0 052 864, EP 2006/1 632 255, US
2006/0 246 107) are variants of the initial document, the DE Pat. No. 10 (2) 53 634.1,
priority date 13/11/2002. They carry different names (“Endoprosthesis”,
“Endoprosthesis with a supporting structure of magnesium alloy”, “Use of one or more
elements from the group containing yttrium, neodymium and zirconium”, “Implant for
vessel ligature” etc.) and various items in the claims (time of dissolution in vivo, medical
efficiency of alloy components), but all have one common subject, i.e. stents made of

the type WEA43 alloy.

The search for a suitable material is complicated and expensive (US Pat. No. 2005/0
266 041). All previously known solutions have hitherto not led to a satisfactory result.
Apparently, from this point of view, the aforementioned group has been chosen for
stent manufacturing the industrial alloy WE43 provides a good (for magnesium alloys)
combination of corrosion stability and plasticity.

However, the WE43 alloy is apparently not optimal as a constructional material for
manufacturing of biosoluble stents (insufficient plasticity and corrosion stability in vivo).
As a proof of this impression one may have a look at the last patents of the specified
inventors - the US Pat. No 2006/0 052 863. A wide variation of concentration of the
basic alloying elements is patented in it: Y: 2 - 20%, RE: 2 - 30%, Zr: 0.5 - 5.0%,
balance: 0 - 10%, Mg - up to 100%. It is particular to emphasize that the alloying set
still coincides with a set of the WE43 alloy.

The document “Peng et al: “Microstructures and tensile properties of Mg-8Gd-0.6Zr-
xNd-yY (x+y=3, mass%) alloys” Materials Science And Engineering A: structural
Materials: Properties, Microstructure & Processing, Lausanne, CH, vol. 433, no. 1-2, 15
October 2006 (2006-10-15), pages 133-138, XP005623386 ISSN: 0921-5093"
discloses the alloy Mg-8Gd-0.6Zr-2Nd-1Y (page 133, column 2, alloy (B); Nd being a
rare earth metal) having a fine grain size of 60-120 um (p. 134, col.2, end).



0.1 mg/cm2/day (sea water immersion) 0.1-0.2 mg/cm2/day ASTM B 117 salt
spray test Extruded, 15 WE43 180 300 10 Forging, TS5 WE43 190 270 16 2.5
mg/cm2/day** 9

The mechanical characteristics and corrosions rates of some most widely known
magnesium-based alloys are summarized in the table 1 (data are taken from different

sources).



10

Extruded, T4 AZ 91D 160 230 3 <0.13 mg/cm2/day ASTM B 117 salt
spray test Cast, F AM 60B 130 220 6-8
10

Table 1: Comparative characteristics of some magnesium alloys

YsS UTS Ultimate Corrosion rate N
ALLOY MP’ ’ elongation, (condition Condition
a MPa
% unknown)
0.1 mg/cm?%day
(sea water
immersion) Extruded,
WE43 * 195 280 10 T5
0.1-0.2
mg/cm?/day
ASTM B 117 salt
spray test
WE43 180 300 10 - Forging,
T5
WE43 190 270 16 2.5 mg/om?iday ** | EXTded:
<0.13 Cast, F
AZ 91D 160 230 3 mg/cm?/day
ASTM B 117 salt
spray test
<0.13 Cast, F
AM 60B 130 220 6-8 mg/cm?/day
ASTM B 177 salt
spray test
AZ 61 230 310 16 Deformed, F
ZK 60 295 360 12 Deformed, T5
AM 160 130 220 8 Cast, F
Mg-11Li - 105 39 Cast, F
_ AIon_of 215 290 o5 . Deformed, H2
invention, 1.1
example 1
'AIon'of 190 575 o9 . Deformed, H2
invention, 1.8
example 2

* Letters in names of alloys designate: A — aluminium, E - the rare earth metals (RE), K
- zirconium, L - lithium, M - manganese, W - yttrium, Z - zinc; and figures - the
maintenance of an alloying element approximated to an integer in percentage.

** The tests for corrosion were led by a special technique. Corrosion rate was
calculated after staying of specimens in a stream of 0.9 % sodium chloride solution at a
flow rate of 50 m/minute. Corrosion rate was defined on the loss of specimen weight
and by quantity of the magnesium, which excreted into the solution. Data of
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<0.13 mg/cm2/day ASTM B 177 salt spray test Cast, F AZ 61 230 310 16
Deformed, F ZK 60 295 360 12 Deformed, T5 AM 160 130 220 8
11

measurements were averaged. Such test scheme allows continuously deleting the
product of corrosion from sample surface, which deform results of the corrosion rate
measurement by method of sample weight loss measurement.

THE SUMMARY OF THE INVENTION

It is an object of the invention to provide a new kind of magnesium alloy for a wide field
of applications. The alloy should have an improved combination of strength, plasticity
and corrosion resistance, high formability at the room temperature. The latter gives an
opportunity of obtaining a certain form by usual methods of metals processing -

extrusion, forging, rolling, drawing etc.

In the first preferred embodiment the invention provides a magnesium based alloy
comprising:

- Indium in an amount between 0.1 and 4.0 mass %,

- Scandium in an amount between 0.1 and 15.0 mass %,

- Yttrium in an amount between 0.1 and 3.0 mass %,

- Rare earth metals other than scandium, gadolinium or yttrium in an amount between
0.1 and 3.0 mass %,

- Zirconium in an amount between 0.1 and 0.7 mass %,

- Other unavoidable impurities and the balance being made up to 100% with
magnesium having purity of 99.98 mass % (only metal impurity are considered) or
higher.

According to another advantageous embodiment, gallium may be used instead of
indium in an amount of 0.1 — 4.0 mass %. Alternatively, gallium may be used together
with indium in a combined amount of 0.1 — 4.0 mass %.

According to another advantageous embodiment, gadolinium may be used instead of
scandium, in an amount of 0.1 — 15.0 mass %. Alternatively, gadolinium may be used
together with scandium in a combined amount of 0.1 — 15.0 mass %.
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Cast, F Mg-11Li 105 39 Cast, F Alloy of invention, example 1 215 290 25
1.1** Deformed, H2 Alloy of invention, example 2 190 275
12

According to another advantageous embodiment, hafnium and/or titan may are used
instead of zirconium, in an amount of 0.1 — 0.7 mass %. Alternatively, hafnium and/or
titan may be used together with zirconium in a combined amount of 0.1 — 0.7 mass %.
According to advantageous embodiments, the content of iron, nickel and copper in the
present alloy should not exceed 0.002 mass % when the alloy is a high corrosion
resistance alloy.

According to advantageous embodiments, the present magnesium alloy has an ultra
fine-grained structure with the grain size less than of 3 microns.

According to advantageous embodiments that concern medical applications, the alloy
of the invention does not contain elements that are toxiferous and harmful to a living
organism such as, but not limited to argentum (Ag), aluminium (Al), beryllium (Be),
cadmium (Cd), chromium (Cr), mercury (Hg), strontium (Sr) and thorium (Th) in
concentrations equal to or more than 0.001 mass % per element.

All relevant embodiments are already listed above.

THE DETAILED DESCRIPTION OF THE INVENTION

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art. The recitation of
numerical ranges by endpoints includes all integer numbers and, where appropriate,
fractions subsumed within that range (e.g. 1 to 5 can include 1, 2, 3, 4 when referring
to, for example, a number of items, and can also include 1.5, 2, 2.75 and 3.80, when
referring to, for example, masses). The recitation of end points also includes the end
point values themselves (e.g. from 1.0 to 5.0 includes both 1.0 and 5.0). Unless

otherwise stated, all percentages, when expressing a quantity, are weight percentages.

Table 1 shows that various magnesium alloys have essentially differing sets of
mechanical and corrosion characteristics. Some of them have higher strength, while
others are less strong but are more deformable. However, it is desirable for some
applications to combine high strength with high plasticity, high deformability and

corrosion stability at room temperatures.
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29 1.8** Deformed, H2 5 * Letters in names of alloys designate: A -
aluminium, E - the rare earth metals (RE), K - zirconium, L - lithium, M -
manganese, W - yttrium, Z - zinc; andIfigures - the maintenance of an
alloying element approximated to an integer in percentage ** The tests for
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In the first preferred embodiment the invention provides a magnesium based
15- Indium i ln an amount between 0. 0 mass

S%oy Ty ”SIn% he.inv n O% @? %l mprisi
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beanaingoi: and 3.0 mass %,

- Indium in an amount between 0.1 and 4.0 mass %,

- Scandium in an amount between 0.1 and 15.0 mass %,

- Yttrium in an amount between 0.1 and 3.0 mass %,

- Rare earth metals other than scandium, gadolinium or yttrium in an amount between

0.1 and 3.0 mass %,

- Zirconium in an amount between 0.1 and 0.7 mass %,

- Other unavoidable impuritiesand the balance being made up to 100% with

magnesium having purity of 99.98 mass % (only metal impurity are considered) or

higher.

According to one aspect of the invention, the magnesium is ultrapure with a total
impurities content of 0.02, 0.015, 0.01, 0.05, 0.03, preferably 0.02 mass % or less.
Content of Fe, Ni and Cu, having the most adverse influence on corrosion
characteristics of magnesium is generally present in the magnesium in an amount of
0.002 mass % of each element, or less.

According to another aspect of the invention, the purity of each alloying element is
99.98 mass % or higher, i.e. each has 0.02 mass % or less metal impurities.

Elements that work most favorably upon the certain alloy characteristics and not
changing essentially other characteristics have been chosen as the basic alloying

elements.
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Rare earth metals other than scandium, gadolinium or yttrium in an amount
between 0.1 and 3.0 mass %, 20- Zirconium in an amount between 0.1 and
0.7 mass %, Other unavoidable imputiies and the balance being made up to
100% with magnesium having purity of 99.98 mass % (only metal impurity
are considered) or higher. 25According to another advantageous
embodiment, gallium may be used instead of indium in an amount of 0.1 - 4.0
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liviag@ganisarsspioaasedut not limited to argentum (Ag), aluminium (Al),
beryllium (Be), cadmium (Cd), chromium (Cr), mercury (Hg), strontium (Sr)
and thorium (Th) in 15concentrations equal to or more than 0.001 mass %
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manufactured on the basis of magnesium.
Indium

Our research on the multi-component magnesium alloys has revealed that the addition
of indium in alloys of the Mg-Sc-Y-RE-Zr system leads to abrupt grain refinement
during crystallization thereof.

Further it has been established that due to an initial fine-grained structure of an ingot,
such alloys containing indium are perfectly deformed during the subsequent thermal-
mechanical processing with the purpose of further grains refinement. Moreover, the
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Table 1 shows that various magnesium alloys have essentially differing sets
of 30 mechanical and corrosion characteristics. Some of them have higher
strength, while others are less strong bit are more deformable. However, it is
desirable for some applications to combine high strength with high plasticity,
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Yiteperidy an amount between 0.1 and 3.0 mass %, Rare earth metals other
than scandium, gadolinium or yttrium in an amount between 0.1 and 3.0
mass %, Zirconium in an amount between 0.1 and 0.7 mass %, 20- Other
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the most adverse influence on corrosion characteristics of magnesium is
0EBE53IbA RERBGINGI RN IGRE SR B A ABAIRE 0L 078 MAPEYLREEA Rt
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corrosion rate twice in comparison with the corrosion rate of the WE43 alloy.

As far as medical applications are concerned, the present alloys can be used safely,
for example in implants such as stents and plates. Data regarding toxicity and common
influence of, for example, indium chemical compounds on humans indicate it is safe; it
is included in the FDA's GRAS list (Generally Recognized as Safe) even though indium
is sometimes classified as a heavy metal with no officially recognized nutritional or
physiological function. Patent U.S. 4 591 506 shows that indium and its compounds are
applied in a vitamin or mineral composition for a variety of uses including increasing the
detoxification rate of the liver. And the further Patent U.S. 4 182 754 shows that indium
may be used to normalize the activity of the thyroid gland.

In one other preferred embodiment, indium can be replaced in the same quantities with
gallium that offers similar influence on properties in the offered alloy. Simultaneously,
alloying of magnesium with indium and gallium is also possible.
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99.98 mass % or higher, Le. each has 0.02 mass % or less metal impurities.
Elements that work most favorably upon the certain alloy characteristics and
not changing essentially other charactagistics have been chosen as the basic
alloying 35elements. 14 For medical applications, the new alloy should not
C ' ic far livi rganism. reci
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properties, but should be differed from 20them in alloys compositions,
aseanding 1o ASTHdstanstater (cugrdm hrictdiferingaiisencengotal iy ding 1o
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o e Al B T e,
kR3St AIRYFsPBIAGH G I SBRCIRES HassiSOHORIAYy RSSHARCA RIYIART Meshanical
regeagdls.on the multi-component magnesium alloys has revealed that the
addition 30of indium in alloys of the Mg-Sc-Y-RE-Zr system leads to abrupt
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r%fAQSIFBEﬂ&. WJ%%\{gg’oti@ﬁibute non-uniformly and do not make any hardening at the

room temperature when the main mechanism of deformation is basal sliding.

The properties of scandium are also exhibited by gadolinium; consequently scandium
may be replaced by gadolinium, or the alloy may comprise a mixture of scandium and

gadolinium.

The amount of scandium and/or gadolinium present in the magnesium based alloy may
be 0.1,0.5,1,15,2,25,3,3.5,4,5,6,7,8,9,10, 11,12, 13, 14 or 15.0 mass %, or a
value in the range between any two of the aforementioned values. Preferably it is
between 0.1 and 15.0 mass %.

Yttrium
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15 received semifinished products (after extrusion, blacksmithing or
equal-channel angular extrusion) possess the unique for magnesium alloys
formability: at room temperature the alldy withstand (without fracture)
deformations up to 90% by drawing (some passes) and up to 30% by rolling
(REL.O0E.Nass) W : ot ling sa :
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aforementioned values. Preferably it is between 0.1 and 3.0 mass %.

Zirconium

Zirconium is a known basic element that makes grain refinement in magnesium alloys
during ingot smelting. The fine-grained ingot is easier exposed to preliminary and
subsequent deformations.

As one of primary embodiments, zirconium can be replaced with hafnium or titan that

exerts similar influences on properties of an alloy.

The total amount of zirconium and/or hafnium and/or titan present in the magnesium

based alloy may be 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 or 0.7 mass %, or a value in the range
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The amount of indium and/or gallium present in the magnesium based alloy
may be 0.1, 0.5, 1, 1.5, 2, 2.5, 3, 3.5 or 4.0 mass %, or a value in the range
between any two of the aforementiond@ values. Preferably it is between 0.1
and 4.0 mass %. 5 Scandium According to various data, scandium has a limit
AUy BASNASIUB, R k734 R aipnY ABRINGS BavRSNRMRab 7
d ition o candlum to magnesium within the limits Up to 15% provides
cheaifots of Mg-Sc solid solution. It increases plasticity and 10 strength of the
alloy and slightly increases corrosion rate in the sodium chloride solution (at

SHQE‘CI!HNEQHE?%MT@ tRaBrakoi EPE@@M'H%V&%H&@QQFG‘? %%%Giu?é'%ﬂow
{0 1?0/% corr sion rate of M -Sc allo s can increase rp
By oA HRibie Lo

'ﬁec{lu $ 8 (5"58 AR B Sﬁrﬂ, el r\qgﬁnéjs
Adeyriiigg t@%onwéudﬁ@@@m MeceE8BG 80 AAiRiING!IBES &B@Psﬁi&hﬂﬁ]dﬁiss
aghditions- ym maeieasiten-hesrd alltyeinpieve festndiicbar astaitsiicssssential

c%gr%ggo@oqqﬁgé?ﬂ%q%mg@ meghanieal shgngths. Precipitation of Mg-Sc

hase is possI h -temperature processing of 20 magnesium
alloys with the big contents of scandium. Very thin intermetallic bond in the
fditma obqHases precpiiate sfduategahesabetits and berprsvid¢bediyettoto UFG

<dh2HwdB Wi BRsalplang-olhe ﬁ’lﬂ%r@#%”h‘é@@e@@ﬁ TR FRATIAB L AR B Xuch

k hard t th t t th h f
CEFRCRH LA NG SERAS BRI 6 LU 518 LD B

by gadolinium; consequently scandium may be replaced by gadolinium, or
theinbey aayfeomanre @ PATidter© haeandiyrained gado Bnium. mids asauntse

N L
ndtbsten %?%%Wlﬁ%r%qﬁé%&h%&q any W%’r@f@'df&‘@ﬁ?&ﬁ%ﬁ@ﬁ""“m

vatdesohtuefeitabiynt ssdeetorent DL aings 1Dh@inmsiss §h ¥ tinweasad MtBLnanas
theaSfeityOh ey, 'ﬁﬂ@ﬁ‘%@%%l@l%@d’%ﬁ%éﬂ% ikich tQp\éﬁé’&"t@ intensive

ref rences ;room tem er%ture Th

! (51 an u to 3(51_0 L(%/ttrlum
rr?Sg‘Hm&h% A PAgLREY aped iy Rl e LA s SIS 1S HRRy &Y
mowﬁdbamfres@m@é@@smgewahoy. higtri GAMBeORMaRfoShPRIepices therepeated

SHIRPrRS6IoB0hsMBREIBIGMasE esttat ampliferainsi(issienanipRERNOMEN heat
&%Jrﬂgngﬁ?g&II%S%XI}eré“eﬂé%?%PfeHléF{?aﬂy%e et @%eﬁ’ %”8¥o”2>%¥s‘?oer? hd

0 mass %, or a value i etween any two 0
S SROrisiRBRIYE HatPTRAle” "‘P—‘*Fb‘f@?ﬁﬂ'l%lo SABIRE, @%dé{ﬁﬁt'grbf?ﬁgb‘éw)ﬁ?ti@‘

of shear stress during the processing of materials.

Named methods allow achieving (after subsequent heat treatment) some grain size
and sub-grain size up to 0.1 micrometers and less. Such grain structure supply high
plasticity and strength simultaneously. This will provide high operational properties of
material in any design and for any purpose.

Further setting up of any necessary product form (for practical using) can be made
according to any known technological schemes: rolling, extrusion, press forming etc.

Inventors, on the basis of the existing references and their own research, have chosen
as preferable embodiments the following declared compositions of magnesium alloy
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Rare earth metals (RE) The influence of rare earth metals on properties of

magnesium alloys depends on their solubility in magnesium alloys and their
melting point. Solubility of RE in solid 1% magnesium ranges from practically
zero (La) up to 7 percent (Lu). Metals from group with nuclear numbers from

66549&8%%@%} mbh?a\(%r{% WQ%E?{BBFJ%%&%@BH URAIROR R g&%%‘ﬂ'%‘

magnesium h an metas of cerium group. Alloying up to
NP RESIHR %Qe%‘%‘?e@ﬁ%ﬁaaéorﬁﬁé BRCResREERRB MR D B’B%?cﬁ'é%'ufﬁr@sed
edithisietals reduce micro-porosity of magnesium alloys during production of
an initial ingot. 20 The amount of rare earth metals present in the magnesium
b sed s %, or a value in
ROTRORIER ) SR T et b TR SBRB R AR I mass
b%t\mi@ﬁ loqudﬁd@ilgrm@w%tumr rRINIURNZRcoRitnt &7 B(Ht')Wh femig.1% to
e@m&r&ﬁnﬁtmqkegw@mJref'tnammmr'mmmagae@iwmwlm $bsingdngeandium,
l%ll?ﬂmT B R EnQ‘E?AReM {%}éso@/asé 385@:9@4'8?'9@%@%% of their

equent deformations. 3 AS one O |ments Zirconium can

b@m@eea%mafmm %F(Fta‘ﬁ*l‘i’fdﬁ%‘ﬁt ?§fﬁﬂ|ﬁ?'ﬁ?ﬂ&8ﬁd€§ BRSISIo R BAYY
obeingaliagndstubretuiie enringf W9 874t eelddorgnmenfidised values. Preferably it
is between 0.1 and 0 7 mass %. It is known that metallic materials with the
ra flne amed sfructure sho h level of me
ek i AP R R SRR T
d@'ﬁﬁﬂﬁi‘étlon processmg of metals allow a grain size not less than 15-30
micrometers to be achieved; this is not sufficient for some essential increase

OjrﬁQ%HvﬁFﬁ%géﬂ oFRGhRIas %%F&lﬁcﬁé‘gt% {d‘%ﬁj%g ?%%Sér?&éﬁ&%?&?ﬁ%‘%ny

materials' prope |es can &rov 610 UFG structures with graim
sI¥OLEENS dileAsids AdoeRer, @ds %ﬁff@hl?@d%é?é’@ﬁ@ﬁ'%tﬁ&‘@f‘d%@|H‘at

neatedisitubaserigd dvinglistigity in initial conditions (for example, in ingots).
Authors have found the UFG structure with the grain size of 0.3 - 1.0 microns
be 15 achieye a ethod of Te ated aternatlon of extrusmn an
e e T e B ATl KE A T sl = i
n@ﬁecmmmmﬁ@nn@at@ﬁ@l@sa@r@éwnm f@ﬁaamb%umﬁuﬁhrr«auwpm temperature),

SERRIRANBbESEIeNFHEK BNt eir SFRAYER iHidRCICasaH MY BRYonantalrsiinty
many times. Then, the developed methods have been applied to intensive
deformation of magnesium and to other low-ductility alloys. Furthermore, it

hRREREKS S RERIESFRAIIME iR BP FreR’GLURINA SIANGH LB Heshear
streparétepeztad gitsiunatizs cof dioysxdsuiiecribed] Betthemelst)nin loprmkkwumﬂn

Wb 5981 AMTBEchAIE) BEBMERSAIeastRRES 1o gsrlfisci sl | grain

refinement. It is also possible to use an intensive deformation wit changmg
of materials' flow direction for the creation of shear stress during the
pﬁ%‘@g@mghﬁ aHaxafidhe. ipwention is prepared by the direct fusion of magnesium with

the specified elements in a high-frequency induction furnace having an atmosphere of
high purity argon and in a high purity graphite crucible. For full dissolution of all
components, the alloy is stood in the crucible at the temperature of 700, 710, 720, 730,
740, 750, 760, 770, 780, 790, 800, 810, 820, or 830 deg C or a temperature in a range
between any two of the aforementioned values, preferably between 760 to 780 deg C.
The crucible is allowed to stand for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60
minutes, or for a period in a range between any two of the aforementioned values,

preferably between 10 and 20 minutes. The alloy is poured out into a cooled steel mold
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Named methods allow achieving (after subsequent heat treatment) some
grain size and sub-grain size up to 0.1 micrometers and less. Such grain
structure supply high plasticity and streétgth simultaneously. This will provide
high operational properties of material in any design and for any purpose. 30

Fédﬁ Sr 8’& é”ga‘dB é ﬁngﬁ%%séf%/tt%? IC%ﬁ FLQ n%%t B[rﬁﬁﬂ%' MR SANR

cor nown technolo olling, extrusion,
p?égeé%?rﬂ‘iwg‘j @0(19%9&?’?1%\/%39’1@4% EO?ﬁBn?Jf?oﬁ% AROTHAR Slegrfet or @
cenrpsiatucharactengtcseiwehe ynivte mpdrataiwamnehidsedigiubeapreferably
r%%ﬁl@&?@d@%% %@g@m %lﬁ&ﬂ@é'k‘éﬂw hﬁﬁ%@'ﬁ?&&)cﬁrﬁm atien &

aS|c alloying e nt5| afoII WI rang amounts in mass % ) that
AR o7 BRI BB QRLET60 o HBo e R e Tt
STGJ%eé@afﬂjm Y @@ﬁga&ﬂma@ &1Qoﬂipfrmﬁ or BHO OB lovh AU e atrfage
ssams'emhrgadﬁlmiur@ ﬁbwﬂwﬁbﬂmﬂub% ;we?e&%y BE@IMIB0(00 B iy Or
UEANOf P Fhéaé{r Sﬂbév nﬂéremg 4 QL SBSE NEY %j;%'ﬁd on the

impurities, and a5|so rég magnesium with puri

9@1’@@%'&%8@%@&9&66"/@%%?4%%&'6’P|Fb ARRK Idﬁdcé‘s'ﬁﬁe?ﬁﬁ HHB%V ina
staoghl beitvexceey Q@02 tiessidtepentdertend) UEST hesienabitivetatey Sthat! 8
aERRISMIASAIfQr MeAiGRLRABRIIGRIABS SBUNL AR LAY ARYIPE LRI RS0

(includi Al, Be, Cd, Sr, Th etc.) in appreciable quantities that could
SRS FISHPD CriRb A agHEBRe BRLB P UM S MR RERT 8ROy 6
tHépkesemt)invention with a grain 20size no more than 3 microns provide fine
formability (including room temperature), excellent corrosion resistance in
splum dhjorids, solution and pigh, hedk esistance.. The alovs of e RIgs 8"
invention are pre’f)arede using RiERar stﬂ%c?s prepara ?1 or
migakyRimedaged alloys as described, for example in [ Lipnitsky A.M.,
25Morozov I.V. Technology of nonferrous castings. - L: Mashgiz ,1986.-

2?@8&09&%@{%%?@ iﬂUQb(nBF % Ipy&ALG %'%B&"r‘o‘%%%@ e Ll

magnesium with the Sp ecified elements in a |gh- requency induction furnace

hRGiIRG%n 'éfﬁ’?és%@?&doffﬂﬁgeﬁ%‘ﬂma/ AR 8hd FP2 i b AP oP R frduPylar
cneshlstgrbrshittdisgbutideramalica®etemponents, the alloy is stood in the
crucible at the temperature of 700, 710, 720, 730, 740, 750, 760, 770, 780,
790, 800, 810, 820, or 830 deg C or a temperature in a range between any
WL AM&Sforementioned values, preferably between 760 to 780 deg C. The
crucible is allowed to stand for 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60
minutes, or for a period in a range between any two of the aforementioned
vBkaemI8spreferably between 10 and 20 minutes. The alloy is poured out into
a cooled steel mold

Alloy consists essentially of magnesium with purity of 99.997% with addition of (mass

%) 2.0% indium, 5.2% scandium, 2.4% yttrium, 3.0% rare earth and 0.4% zirconium.

Contents Fe, Ni and Cu do not exceed 0.002% of each, and contents of incidental

elements and impurities do not exceed 0.05%.

The alloy was made during the direct fusion of magnesium with the preliminary
prepared master alloy with the specified elements in a high-frequency induction
furnace having an atmosphere of high purity argon and in a high purity graphite
crucible.
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20 with a special daubing by method of bottom teem. The ingot obtained may
be extruded at temperature of 300, 310, 320, 330, 340, 350, 360, 370, 380,
390 or 400 deg C, or a temperature in2a range between any two of the
aforementioned values, preferably between 330 to 370 deg C. The obtained
semi-finished product may be subjected to 5 deformation by equal-channel
angular extrusion. This may be performed at a temperature of 270, 280, 390,
309, #l0disspluinin &y BuEOBP AR st N FaPige b EtwlR P AP IRNE! Ife
therafenatone ofiGrie A/ alities , 1prefie edslyabe there w8000 toed4d tietp @, dovled steel
nh‘um@%tﬁ’fa@;ﬁé%i%wﬁhe@ HaeowBIReR&Hh ?é@FH.Sion cycles will depend on
the composition of the alloy but generally, will be 8, 9, 10, 11, 12, cycles, or a
number in a 10 range between any two of the aforementioned values,

prEfo AR B tRERs HiRaetes €H@FLBION BpelextrTHRst @tntze) temneratvfa380 °C
annealing«ataderapesatire of 400 to 460 deg C, preferably at 430 deg C for 2
- 3 cycles (to achievement of micro-hardness H of 100 kg/mm2). 15The
inventive alloys have been pr%pared by using standard (conventional)
méthagBefgaNblEsthiRg duc RatIRiP b RIS At ARIRAREATC N saval-
usexhite meglital cbuiies aviiehdnane aortat B0’ O ooym ematychees sé dxfarsion

eXEMS RS-kt %%QWg(Q@%@l@Fﬁp&tﬁm@'Mab%ﬂm@&h pSTENty SRl it
coil, marker and catheter. EXAMPLES Example 1 Alloy consists essentially

o FHSYRBEN Y WIS 85743 §9itA R ddition of (mass %) 2.0% indium,

5.2% scandium, 2.4% yttrium, 3.0% rare earth and 0.4% zirconium. Contents

Feahpiant vl Hé’eﬂ%ﬁ‘m@@ﬁ-W%t@fn@éfé%t@BQ&W%&QHWM@%&%OW
clements and mpuritis do not #xcsed 0,090, The alloy yas made ufing.e
the direct rasion o magnesium with the preliminary preparé master aciroy
wifttiee apenred eléraatenn o RfyRMEYRuency induction furnace having an
atmosphere of high purity argon and in a high purity graphite crucible 21 For
fylLdissg|ition of all components, the alloy was stood in the crucible at the
témperature of 770 C within 15 minutes and then was poured out into a
cooled steel mold with a special daubing by method of bottom teem. 5 The
oMesinetical guerditendaficohBIRAlNG atdisedrimpdeduse tHet 3T Pavittirersf 350)C
Wb the eMtELISIPRIaSomb 3 dioh fiiehtaingd semi-finished product has been
subjected to deformation by equal- 10 channel angular extrusion at the
temperature of 320 C, number of cycles of extrusion 12, with intermediate
afREeding slindaiaiprddure sreasyengifoagHe Weigicless(al 4ERfEVERsenid
ofunarcrathardbiessilod tHEOO dpwsion ) whiSanaplpssbey & iee sotuioa uihmighthre
oﬁ@m%‘?h‘tté%@)‘? for Hb?&ﬁd}&;]ﬁ test at room 15temperature and tests for
corrosion behaviour (in a stream of 0.9% sodium chloride solution and speed

of the stream of 50 m/min). Test results
Results of the tests show that the alloy according to the invention has the best

combination of mechanical and corrosion properties in comparison with the most
widespread industrial alloys of magnesium (see Tabl.1).

Example 2
The ingot on the basis of magnesium with purity of 99.99%, with addition of (mass %):

1.6% indium, 9.0% scandium, 2.7% yttrium, 2.0% rare earth and 0.5% zirconium.
Contents Fe, Ni and Cu do not exceed of 0.002% each, and contents of other



20Mechanical properties (after annealing at the temperature of 430 C within
one hour): YS=215 MPa, UTS=290 MPa, elongation=25 %. Corrosion ratio
(obtained by a measurement of the wéjht loss of specimens and quantitative
definition of the magnesium, which has passed in the solution, through the
ZﬁfBiﬁﬁ\&“?ﬁ fﬁ‘éeérfégséo]n&% ga?é 3‘/ Rgsul %@ FIRE 1835 89% tnﬁgﬁ'w
alloy according to the invention has the best cormbination o mec anica
cERRGEiRh P IBHEIFERIR tomparison with the most widespread industrial alloys
of magnesium (see Tabl.1). 30 Example 2 The ingot on the basis of

MRGNRGH W i ReF '%&E&@ogl%o/aefﬂn'%ﬁ&qWﬁl@tr(éﬂ%%f’/@}cpe@%/%tmgi&mthe

9.0% scandlu um, 2.0% rare e rth
S BUERRhERe; ﬁ ﬁ?da/&%etéfo%%? ISR F‘B‘?}Bﬁ% ‘Qﬁéﬁmgﬁha%%fén%o 700
olfietnmbien sleiies ip) twéthaintsy Hiedinse Rceriti@a0 v tarmreTalyer of 490 afied
byvtig ¢p@ghod specified in the example 1. The ingot was further subjected to
deformation by alternation of cycles extrusion (the 5 extrusion ratio 5:1) and
setting up to initial diameter at the temperature of 340-360 C, (number of
5 8ee'ey h\ﬁﬂﬁﬂﬁ?@ﬁHb@i‘é@%\Hﬁ%%‘@”&Ptﬂ@ﬁéﬁ%&th%é‘?%@@%ﬁl@ﬁl@x@?f
10  cigslis.for Samysles (ragesioaen all.\Ut Waien tokiiditainedipre pblcikierafor dispeed
meghedieahigstpandhikdtests for corrosion (in a stream of 0.9% water
solution of sodium chloride and a speed of the stream of 50 m \min). Test
results. 15Mechanical properties (after annealing at the temperature of 470 C
wigsiressisaour): YS=190 MPa, UTS=275 MPa, elongation=29%. Corrosion
ratio (ina stream) was 1.8 mg/cm2/day. Results of the tests show that the

15 r%%?é%ﬁ é?nﬁée éﬂ%?ﬁ%ﬂé%ﬁa%t‘g}??&%ﬁg% b’f'%%r"@fvﬁt‘ﬁ R %18*?1'89(

COH’OSI ert es an Str in comparison with the
ﬁ&t\%wﬁf Ma@ aﬂ@f)gf’é'PPm; rfegemosgg ratio (in a stream) was 1.8
mg/cm?/day.

Results of the tests show that the alloy according to the invention has the best
20  combination of deformability and corrosion properties and satisfactory strength in

comparison with the most widespread industrial alloys of magnesium.
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CLAIMS 1. A magnesium-based alloy comprising: Indium and/or gallium in a
total amount between 0.1 and 4 mass %,  Scandium and/or gadolinium in
a total amount between 0.1 and 15.0 gfass %, 5- Yttrium in an amount
between 0.1 and 3.0 mass %, Rare earth metals other than scandium,
gapaliim or yttrium in a total amount between 0.1 and 3.0 mass %, One or
more of zirconium, hafnium and titan in a total amount between 0.1 and 0.7
as Oé r‘?end 10b I\S{Ieaogé] S|uran|th urity more than or equal to 99.98 mass %
% he balance. Cﬂweoaﬁog according to claim 1, whereby iron,
de@'PB‘r W&ﬁ%ﬂﬂ? %'@H&Wﬂir@@éﬁ?ﬂwoaha@ﬁwémﬂséfﬁ 002 mass % or
le ScaboRinT v @t @ dtieandingatelladmolirab2vwbe e byibe Sueisseds ultra

f'”?ttgi[f?ﬁ’]ﬁ%r?gﬂ&ﬂﬁt 85%&%2@1'%41%%5(5%95/”“3' to 3 microns. 4. The

according to any of claims 1 to 3, co iﬁjdlsm g 0.001 mass % or less of a

to @E%lfé‘réhem%‘ﬁ{s 2’6“35 AR a%%ﬂﬁﬁbo?& YA SFETIME £lp! amount
wietweby arigamtiBnasn@sg)7-aluminium (Al), beryllium (Be), cadmium (Cd),

ChESHBIBMSrE) o HRESHIY HBRIFORHEMAS ) antdtin arteh( bBakeh @3 Rnd 0.7
present in ) ap amount of 0.001 mass % or less. 256. A medical device

comprlsrng an alloy as defined in any of claims 1 to 5. 7. A use of an alloy as
defiaeneriuany st RYshB IS TErF BeaHAAKEB MRS DTN RIS PWaltoPalance.
medical device. 308. A medical screw comprising an alloy as defined in any

°§ C’ﬁi@ﬁll%}%?co?dlﬁzﬁ‘ ﬁ”ﬂ&ﬂ@%ﬁé@@%”%@ﬁeﬁ@ra&@%é\s AB[Ipgata %@Xh

of claim 1 A medical bolt comprising an alloy as deflned In"any of
c%ﬁ’?&ni"fc?% a”@ﬁ“”t 0} 9- ORGSR % PikteScomprising an alloy as defined in

any of claims 1 to 5.
3. The alloy according to claim 1 or 2, whereby the structure is ultra fine-grained and
the grain size is less than or equal to 3 microns.

4. The alloy according to any of claims 1 to 3, comprising 0.001 mass % or less of a

toxiferous element.

5. The alloy according to any of claims 1 to 5, whereby argentums (Ag), aluminium (Al),
beryllium (Be), cadmium (Cd), chromium (Cr), mercury (Hg), strontium (Sr) and thorium
(Th) are each present in an amount of 0.001 mass % or less.

6. A medical device comprising an alloy as defined in any of claims 1 to 5.

7. A use of an alloy as defined in any of claims 1 to 5 for the manufacture of at least
part of a medical device.

8. A medical screw comprising an alloy as defined in any of claims 1 to 5.
9. An endoprosthesis comprising an alloy as defined in any of claim 1 to 5.

10. A medical bolt comprising an alloy as defined in any of claims 1 to 5.
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12. A medical staple comprising an alloy as defined in any of claims 1 to 5.
513. A medical tubular mesh comprising an alloy as defined in any of claims
1to 5. 14. A medical stent comprigifhig an alloy as defined in any of claims
1to 5. 15. A medical coil comprising an alloy as defined in any of claims 1

f)j ﬁ'ﬁ}%edica]rgldtbé %%ﬁ%ﬁﬁg@%ﬂﬁ%%%‘ﬁﬂ@&ﬂﬁ'%'ﬁ}gq?&g!-h%y] gg defined in any

clams 1to'5. ical’catheter comprising an alloy as defined in
any of claims 1to 5. 15
12. A medical staple comprising an alloy as defined in any of claims 1 to 5.

13. A medical tubular mesh comprising an alloy as defined in any of claims 1 to 5.
14. A medical stent comprising an alloy as defined in any of claims 1 to 5.

15. A medical coil comprising an alloy as defined in any of claims 1 to 5.

16. A medical X-ray marker comprising an alloy as defined in any of claims 1 to 5.

17. A medical catheter comprising an alloy as defined in any of claims 1 to 5.



