MAGNESI UM BASED ALLOYS FI ELD OF THE | NVENTI ON The
present invention relates to conpositions and
waosasne of deformabl e all oys based on nmagneBCT/RP2008/003585
havi ng opti mal mechani cal properties such as strength,
plasticity, etc. or resistance to corrosion, including
in vivo. Alloys wAGNESIEW-BASED eveoygel | ent
formability at roomtenperature, high corrosion
stability in sodiumchloride solution and in a living
body, as well as excellent heat resistance. They can
be used in various technical fields. BACKGROUND OF THE
FIELRORTTREINMENEON M a [ight netal, is an attractive
Thé‘%f’éas’éh@hvéﬁ%q rbBtééqe%HbgglilgﬁbsanJ QFuc@G?@'HPHSforﬁwBbIE té‘ﬁo¥s based

aut ono 8%06 i ndustries, for manufacturin

on ceagnesiug) hadre petRE] MesAnical praneaies Bich. asBiRNGE, %astt'c'ty. etc.
or taide @ cotrdsRm, ||ﬁdﬁfqu2fn §kbeﬂ@5)13 oft tﬁHg'Wﬁ%@nﬁ’ave excellent

asticity, caused . p. stal structure. In
formaaihty. moornﬁgnegram Hagh aonr‘aﬁ;@rr @gbiﬁ dmeedivg ehipridessabtion and

in QQ§W§S€0®E dstivelP bt YBelfhe Rbstesitdricy! ey EBHDe h&ﬁi in various

0 use magnesiumin sonme industrial fields is
teohblcélrf Se magnesi um based al | oys with inproved
properties. The influence of alloying elenments on
nmechani cal and corrosion properties of magnesi um

BAUKOKOUND ORI THS INERAON binary systems, but in nulti
conponent alloys their nutual (namely: conbined,

Mdgﬁéﬁhm ag%ﬁ?%fé? 'is %%t’)raétﬂfe'rﬂﬁ@ﬁﬁ usel lﬁﬁﬁﬁﬁi‘ucﬁ@rﬁ@f&)(example
unpr edi ct ab Therefore, the choice of the pasic

n i aylomgbile PO RRCR ANERS. TP AMEARINGNoh FASHY fof |ng{ebooks,

moIBﬁé p%ﬁwl &6, Hehkuangena rdthér RNOWAaETIas. stiéﬁgusttbu@{ness and
magnesi um are subdi vi ded i nto gr

plaatt@kyr &awq By 4o G BgySal PEYStHE- én @it gWgResium has a low

redidthitieid) cattodBnbet3use N fts sibhd bHéPmcﬁF %tlvEPrTméafﬁé nly way to
under the ASTM specification there are grou

USPrARAGISSIYM A FEYE Ipdsital dields isniourreate mapRgs! nu.bas&resi alloys with

;SrGEed bitedl - P3M, aluminium- AM (My-Al -M), AZ
m AP%E AE (My-Al - RE), where RE stands for rare

earth mstals based on zinc - ZK (My-2Zn-Z2Zr), ZE (M-
Th@nmﬁﬁénc@n%fzéﬂ M@ énn@ﬁs 6N rRéchaRRabamids cofrosib I properties of
VE (My- Y- Nd- Zr
magnesium alloys is well studled in binary systems, but in multi component alloys their
mutual (namely: 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.

Many patents describe alloys that have more complex compositions and which cannot
be clearly assigned to any class under the ASTM specification. The basic aim for the
development of these alloys is improvement of certain properties of magnesium that
can be used in various technical fields. Mechanical properties of magnesium alloys as
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Many patents describe alloys that have nore conpl ex
conposi tions and which cannot be clearly assigned to
wa@eysasrss under the ASTM spe?ci fication. The beGI/EPB0SN03585
for the devel opnent of these alloys is inprovenent of
certain properties of magnesiumthat can be used in
various technical fields. Mechanical properties of ]
welieasnetiier metpllioalioys with) fixed eemeesitian afq pperatechpy ckiapging the
wome&%nfb‘meﬁ lof hsvaeahs aRBpIRtiE eeiavmmleagarwﬁs WK &tLr can

nbi nati1 on of hardehi ng and ? astic defornation
be mm.. #nprn, ﬁsedqeatptvé\an%ﬁf pestrugigral icenditiom of an glloyaand so also

dué’{beah.@e Gﬂé}i&%l Reatdredtrhetgur al condition of an all oy
and so also due to a use of special heat treatnents.
Corrosion rate of magnesium strongly depends on its

CoPrH%lbﬁ Wate':&r m%?ﬁé'g?urﬁ  stfoR @ Me%& n #9bUityORoPbxsRgiel 'iﬂ/a 4%

ori rosi on ra magnesi um purity of
wates selutign «f ssogfum |cn@§dmagﬁ@roamafatmf MRRGNESEIM, .wmﬁvm 99.9% is

hufted ¥ t%e&%gﬁ&%arﬁ&rde’ﬁgsnﬁhe\ﬂiﬁpﬁtﬁltﬂ)f %‘9%' oy, their

Istribution”as well as"the conposition of th
chem cal conpounds that they formal so infl uences t he

ANbird Blefits to? &P%ﬂ&s'tﬂgw dTQﬁbtﬁ%r%'v@"l b&ttRe Pomposition of the

esi um al depends on the structural condition
chwcalnccamwdart ttth@y feralse influenans the resistanpe to, cqrrpsion. The

corf%ﬁw Hpd) of ﬁ».a g.&m Witbyd §épefr‘.ay oR IRPgRudthaI asrcamdne&%rht amy and

a tO era range ot her al 1 oyl ng el enent s. 0,
thes grashodst péomewfeﬁuamg dt-ulfi @ddifen.nsemg rm@tﬂfé@ﬁuﬁ@rba%@age the

req@'rleﬁ%n&%r 4 EBT%@H@@ rdtigel IR btHep Bﬁ@ylrﬁg eI@Fn'éﬁfs 8b! Qdfrhé‘ %troductlor\ of

enent on the corrdsion rate of  an a oys O
alupridurdr ietoed tmagnesivi basest allayrgasnine®ase aﬂemimerﬁimw alloying

eleﬁ{engsotg}mhte%ﬁ'%&@h%t@ AaH afigy. applications demandi ng

goo rmabi ity and high corrosion stability.
Therefore previous devel opments regarding i nprovenent

AII&{ m%&&&l m@é’h@oﬁ Qrd i‘ﬁ?én%@d R BEBEEd BRirfy atr%GHﬁéfn%@}ature and

| oys wil consi dered bel ow under the specifi

fort anpﬁ@atanar@ew%ng igepd formpabiligy @adoigh rﬁﬂr@wﬁeﬂ?bw Therefore

reﬂo"u@ Qﬂb&opm@ﬁt@e@gér@ﬁgﬁﬁ\%mme‘ﬁﬂgf PBERANAPBNnd corrosion properties
characteristics magnesi um al | oys at el evated and

of Hmagnesitp @iy rvé& Re |Gongiderednbelawr sadeinthe sresified |tgmperature
coﬂﬁoﬁlsd%é d’!té'onbﬁnﬁf)%?ﬁ&q ofbﬁFéﬁé%ﬁ cFé?z%U&'&.aHh%e and corrosion

i mproved strength of such allo w || be naintained

at
charaelgristicp et apagnesium rallops =t ?'@V%tﬁﬁr aed Jhight teppergtures will be
condifsted %‘ﬂgﬂb&ﬂngﬁiﬁ TG GQ@ whil 58 GFoppe8dyesslise UMARH the improved

speci f ot herwi se, the description of the properti es
strgngtlp hef |§Hgnmal|ﬁygny§r m 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
from the physical point of view, because a body weight is different at different
geographical breadths of the Globe, and body mass is constant. Our compositions, we

show result below is in “mass percentage”.

Mg-Li alloys are the most plastic alloys of magnesium, but their main problem is low
corrosion stability and strength. For example, at a room temperature the ultimate



10

15

20

25

30

35

alloys will relate to the range of tenperatures

varying from 20 - 50 0C, and the conposition of the
wabdositss2wi | | al ways be definell as a percent agePONEP2008/003585

wei ght. (Note: The defi niti on "percent age on wei ght "

i s used nost often, but "mass percentage” is truer

fromthe physical point of view, because bod

elongatiire ¢fea"@Vit|V|93ﬂ 1%i lf' freaches J&ak téprﬁtr@agthmfé%t'\ﬂ%a &)i'reet ‘H§ Pat.
Nogﬁ 899@4913 WERES the cGritsidrifate oﬂn{; L‘?QITER'Q% Fétﬁé}shlgﬂ\’@ven in
ow result ow s in "mass percentage’ My- L

thespureyateire t he nost plastic alloys of rmgne5| um but

their main problemis |low corrosion stability and

strength. For exanple, at a roomtenperature the
Madkitallens eee edditionally dsiped todycregser their, strengtin apd somggiva stability.
Mo%hg))ftéﬁ {_@Uﬁ“rﬂxrﬂf ,#OQ,HIXP arel 288edto>- thg oy N@: u%%%é(ssmth and

49) . wever, the corrosion rate of Li loys 1I's

corregiorestahilityh The @dditian of aluptinismygndezinc M@ end 3I°/1> fﬁ»@eﬁﬂ\@m leads
to Q%’tlgfb%ﬁj é(%(n;glﬂﬁﬁ% BPst%éH@'ir??ﬁ& dte#b‘?h%biﬁfyr&nﬁbml-ﬂpﬂn alloys. It is

corrosi o ten alum nifum and zinc are

shewnithat the additionl af §,6% &\l inte theaalley Ma-Bidlileassdo substartiab increase
in %ﬁo r ithi itYten ‘?at?l%@' bbigW 960 2LUIN 81 Widehgl! HCdéRimAGh rates.

spect | s to a satisfactory conbl nati on
Copbsign ﬁtabgntmofaaileywﬂbsn@tbmmms'tm Ingea$esm18<2n al | oys.
It is shown that the addition of 0.6% A into the
alloy Mp-9% Li |eads to substantial increase in
Somer athest ¢orakinationg of alleiirg elements a@avaitable for alioye Maankiesystem.

@f Iﬂﬁf RioTB008/8 B34 D39 SLUHON MRocth ?&hbér%bﬁr@t‘orﬁ*’ab@ﬁagresum

h such conp03|t|on I ncreases al so. Sone oth
allqyomm amexeafigntgiorgsiopyesistanees nih eampesitionpeludas féO'T‘ &0 to 11.0%

lithRin, Cf%?n Ugl fo 4-0%5%%, §8m B30 43 6. bdNQm #9AP6 4 tg%%ﬁ and from

escrib Roon}tenperature- or mabl e nagne3|un1a

0. Wt?rﬁ%d-ne(ﬂl%ﬂotaé sUMcs one $F . pivre lanthanidespand frem 0.1 to 1. % Ca, the
bal%ﬂ&@o&luid olg\/g'zgﬁ& uﬂ?ﬁtdcbiep 'ﬁn%uﬁtléso éﬂ’é Q&ahbd hWHQ] n<§tr ?rmde with

I NC rom?oO arlun1 fromO
magnesisimy it wardtakes rasobaset @r ;905%@14 of M apd tirgvitablm 'BTPUUH%S) and

aIIc@{rjl r?d@hﬁmeln%n\tvgt%néé&’eﬁ) tod)d fﬂeomgntfbnt&té- e%éhgﬁs otnh&emputatlon of

ance bel n%\ﬂ i nevitab Impurities (th
thenphasecMawBa: (Mg Radis wcmmwabﬁ@@b'uﬁﬁlon pamgd in &B@Fﬁ"asraphy as

pﬂ%@.és fvr‘&hdﬁ@%ﬁﬁérﬁgnto;nd\@’\ﬁﬁq di %Yél&'@@# Sr' @"g[ bhi ®%}a - phases

el enents were ad to It i nvention
of ngn@tﬂph% %sstfmttﬂe daisps thet stmgtﬂ oftgqeal ab'ewwﬁmugh barium
naéc ;Uwagsxﬁcé St ﬁasca%u, gaiuofa@rf%.pm M@r‘a—ﬂ%ﬁﬁ‘s Irflermetallic compounds

p ase rOVI ref i nenent and

Magriee dhahng @q?@}ysrﬁeﬁcq)piaatw @q&a@e"saﬁ%jo g4 allgy§ases

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’.

JP Pat. No. 1997/9 241 778 discloses a magnesium alloy being used as a construction
material, containing up to 40% Li and one more additive from the following: up to 10%
Al yp to 4% Znv, up to 4% Y, up to 4% Ag and up to 4% RE.
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of alloy matrix. Such structure raises the strength of
an all oy. However, though bariumhas b.c.c. iattice,
WO 00RAss284 i ow sol ubility Iini% in My and for mEPCT/EP2008/003585
internetal lic conpounds Mygl7Ba2 that noticeably reduce
pl astic characteristics of My-Li alloys. U S. Pat. No.
1991/5 059 390 descri bes "a dual - phase nagnesi um based
In §1$.ofate d¥es | K993(Ry 288 H46t thal methed cauafspamt'qrzmqnt allaynpaving an
im B\‘?#&e : abP%é%ﬁ“& 38 tﬁb%agﬂlﬂf Qn@ E&F&l@fﬂéé‘btﬂﬁ‘&a‘s described.

scandi um ug to about 2% zinc and up
Thgma@ﬂqd/@ ipalvdes 7 The%alithiggn, @xh¥ % P'§"’1'W00é‘d 2% rare earth

metdHH 16 b0 Qr’f‘\c(gndsﬁﬁ %‘gt’/ch mafngér‘ﬁ@sté| hhe Bal@ﬂgé BkingHhagFdsiin and

resistance” 8 disc|l oses a
imprsitiee Furity of thewag@ﬁﬁlgmgw fos aabaéﬁﬁ)i ﬁf‘ ey 5rP%%sr i al |
containing up to 40% Li and tie nore additive fromthe
followng: up to 10% A, p to 4% Zpr, up jto 4%Y, up
Mgt alwa(ﬂgr%msmmqe@pwﬁsimﬁaqsrpfwnggnqsw aligys fPQ%’)‘CBJSZ%m)"C*?‘t'O"S

(grlgufl{% e A% % c9f HOLGRATRbUGHtHE sﬁ&u% 5&3’ c&%@l&gre%létance and

roveéd conbi nation of strengt f or nabi |
havsorhighsiro strerath s ttheit care s mush ¢ lss e Blastih ethQBeMQflr' eé"%ﬂsl oyarious

cohﬂlﬁgmsoféll%ﬂ% é?elrdén"fg é‘r@oﬁ%red %r/‘in%r’d%rﬂéh{rﬁf tﬁb Gertair? BRoperties

rare eart 2% zinc and up t

of thisreaseaf @lloyshe bal ance bel ng magnesi um and i rrpurl ties.
Purity of the magnesiumtaken for a basis of an alloy
s 99.99% M-Al alloys are nost w despread cl ass of

U.SreRpt e (2008/Q 13855640 descabesman algyptansisting AE1Q tor tRip &, Gapto 10%
sn”¥1 t689EY Gndi-0. TR SVin, tﬁé‘ﬁé’lgﬁcé B&Mg MPHd |ﬁé§%®le impurities. The

corrosion resistance and have her “stren hey
magpesinmciloy @xBibjis geed @rqelpat?fowmz$ aaqi |'909%m°%rﬂy wgable for engine
rd&@ LRations of alloying elenents are offered for
ovenent of the certain properties of this class of
aIons U.S. Pat. No. 2005/0 129 564 descri bes an

u. @l PRYNG S 35532%1‘ désQnBé’s Qﬁ%dy whiCh ﬁnéIQd ’\gﬁbsuﬂn bs a main

to 3% Y and bal ance bein
compenart.apren |°frﬁ{905tW%9;ht °/mé mﬁign@gngﬁﬁe&mqﬁ;@ 0 biwveight %, and

sulsiealiafiy qﬁ,o zf?éé?ﬁl%t o ﬁtaﬁﬁh% ' 13h|9 %E%ﬁéé]uﬂﬁ | édlo§ Ur'nb?bfbﬂhérofnclude

engi ne rel at ed parts
alugiawp | Afet tarsOaweigit w?m/’d randmcm%l@% %cj‘he?@i wmgas ‘Va Ragayse of

apﬁ@ﬂﬁ&@%ourﬁ’@ﬁpﬁorﬁﬁ dhddfan ddﬁ"egé‘tco'*ﬁhﬁ{edﬂﬁrﬂ% mEA8aGSAloy, the

Q an ubst anti al fyno Z|rcon|um
grain of theamagnasiunp aloyisgaBredim The Sipuchig refinemest lgads t dncreased

mechanicai characteristics of this alioy.

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.

Among Mg-Zn alloys the mostly known alloys are: ZK (magnesium-zinc-zirconium)
having good strength and plasticity at a room temperature, ZE (magnesium-zinc-RE)
having average strength and ZH (magnesium-zinc-thorium) having high room-
temperature yield strength in the aged condition (T5). However, alloys corfaining
thorium are not rMeaufactured anymore because of their radioactive components.
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alumnumof 1 to 30 weight %Al and/or zinc of 0.1 to
20 weight % Because of appropriate anounts of boron
wapwsienganese contained i n the magnesi um al | ORGT/EPZO08/003585
grain of the magnesiumalloy is refined."” The
structure refinenment |eads to increased nmechani cal
characteristics of this alloy. In U S Pat. No. 200
U.9oBaty d¥p. j 200116 P3RT desrsihes rapsther neonesiime dased zﬁ"%;for high

pszQﬁreQﬁé Eéé’iﬁlgt(hﬁ’bd) NSroVidRY %‘o@l%r@@rﬁém&%onqegétaﬁc% The alloy

cal ci um % rare eart el enent s .
compritpsraldast 81 weiht percent mpenegiie G t0 2ugiaht pareeRtef zinc, 2.1 to

5 derb%\st beptfe RN Hetté|%mp$hsntmnebi B wé.gﬁme?cérnv;srémnon
is the inprovenent of heat resistance for the
magne3| um al l oy. Anong My-Zn all oys the nostly known

Hoel&Y Al ﬁﬁ&z%‘ﬁd%ﬁ@&ﬁé#ﬂ&h@%&hé&@ ¥nBiBve fmh@a #HRAUrrosion

strengt aStICIty at “a room t enper at ur e,

charaglgrigtics ueh Mgnam; gl simgytapesushe reducenther %Iﬂ%ticzw In addition,
the%ga%r@ﬁéﬁtgﬂ %'ré‘c uhm{abm foP a\ag.ﬂgl faueys r monétmmﬁéat &lefents of

yield strength in the a condi tion However ,
en@nnrwae%m(apmlﬁ@omm\bi mare not rftenuf act ur ed

anynore because of their radioactive conponents. U. S.

Pat. No. 2001/6 193 817 describes anot her _magnesi um
Ameagdda-RE @lpys semmogitions: ektba WE dyre (Ma:YrNg-Zprmede most known.

Th&ftf‘ﬂllg)'/sn $ad@Oo4Liife &€ ?o&i‘ C#oﬁ\%tfnﬁ? ' é?ﬂj [iRFéSde8NESTosIdIE reS|stance

oy conprises at [east fg percent magnesi u
Acgordingo t@ i §hecifiratiornpf dhe ZMﬁeu agtug[ert ngm%ngle&rog Ltd.,

Maheﬁeﬂst&ath@bmtﬁé uﬁmg B%ﬂ% @cmopam B prertraN wew 84M reach 16

cal cium wever n and sone ot her allo g
% @\ 2 fieafp éemn?fatw@ %ndrt@ﬁgiorfoa'ﬁa relgris egralP.1 - 02 mg/cm day (B117

salFQﬂ‘E??és?)r or0 A iy ShY a4y @lela %?er%%e’f’élahﬂésf’)n pewaler, inaddMEcases

hei r |aStICItE)é I n"addi ti on, hese el enents are

def@ﬁge.tplhtwr allayoNVEd3iinpsificigyt and ﬂsq sriead, phmeehanisah chargeteristics

for‘fa’ [ §Rdat Qfie @%ba%@%?f&@?dnb be)1794NR %Qeruge BB, data of the
S conposi tions

Mantachses o R s ameiess VL Ggfamyasl B irrem@dafogataamzaﬂon and age-

haid@hmag(bbha.worawé) I dNGYE NVIESE SRSW ATreItANS, 56t Gow plasticity at a
According to th ecification of the Manufacturer

roqmiRfResatyrR EI’FéK’tT - Ltd., Manchester, England) the
ultimte elongation for all oy ELEKTRON WE43 can reach
16 % at aroomterrperature and the corrosion rate is

Vagieusarhanges .of @ compositiesy alyg(@l aﬂqyssqptof@quayowégtlycrgyse their
chétradte NGRS Sapal 3¢5 YBU3RT 1DOTOTUSEERBES high tdpVSRYSire Fdbistant
magﬁggiur(r:\aasllggs/s 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.

Corrosion stability of any magnesium alloys lowers inversely with the Fe, Ni and Cu
impurity levels. According to the prior art, alloy AZ91E has a corrosion rate in salt fog
tests 100 times lower than alloy AZ91C, due to the higher purity of its alloy basis
(0.015% Cu, 0.001% Ni, 0.005% Fe, the others of 0.3% max - in the alloy AZ91E, and
0.1% Cu, 0.01% Ni, the others of 0.3% max - in the alloy AZ91C).

The JP Pat. No. 2000/282 165 describes an Mg-Li alloy with the improved corrosion
resistance. The alloy contains up to 10.5% Li and magnesium with a concentration of
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deformability of alloy WE43 is insufficient, and the
spread of mechani cal characteristics for ingots is
wa200p/1¢2¢at : t he el ongati on Waries from2 - 17PGT/EPR008/003585
average 7% data of the Manufacturer for 215 sanpl es.
When defornmed and treated for stabilization and
agehardening (condition T6), alloys WE43 show nore
iroms £ 50e0- P Bt WRIER 15 Prowides by atflsip yn acrugibie iiat iscrayerask Ry ghrome
and ﬁygx,g,g 10% Various changes of a conposition of My-RE
alloys are offered how to increase their
characteristics. U S. Pat. No. 2003/0 129 074
ouﬁﬁ;&gugﬁugéagg@ rh&EREl o é}rﬁﬁeﬁh}?ﬁﬂesmaﬁ?s%rﬁbt’e%ﬁswtable
for senstruetionpf asgulan (cRr@wry and pefinhegalPendpprosthgsises dstanisin
0.2 to 0.8%zinc, 0.03 to 0.25% calciumand 0.00 to
0.001% beryllium The alloy may additionally contain
Stamts taseoiroRaotetr o ApvasseD.lonen, afterk €RITYInG Put @ (AeBoMtaneous
% o
nafiAFe| A6ndf chBioB sl Qb PRIPEE Adbowce Tsnosts) vessel lumen
is expaoged by wmaansofaarinkated Raliaent n@erﬁée bejloembasheen positioned at
A%égcﬁé’lté 6k SVes9C St ﬂ)ﬂﬂU?%chFdl&’s{ P?Hvtent el &‘ﬂapse of the
as a corrosion rate i n sal ts
expangled vessahand pwyidetbe gecersart fdowdw%trerﬁr@ H‘é@uqmtnhptlwn@m
its alloy basis (0.015% Cu, 0.001% Ni.,, 0.005% Fe, the
others of 0.3%max - in the al | oy A291E and 0. 1% Cu,
Onp. @i the 1¥ide effrcts of@ngioplasty. isdherpkenomenamealigd @gtenosis, a rapid
prd%?%@na?f-r&ﬁoo]tﬁ rﬁ@gche s #RAR Jﬁé%e&@ IGR8R dall€&d BY the injury of

| oy W t nmprove COrrosi on resi stance.
PTChAe The soyootto musrclescellp pmilfqretlcma§ts ganeratyghd sveskswi bip effect is

curgé’rﬁfge@%(léﬁtbg yP e B8 F é@nt@ dbaf@d wihi &ﬁgéssd&fho‘éé dgdlimus or

usi on i a crucible i's covere chrome
paciaxel. Ynénriupetelypubeqayse h@ell amhf@ret!% US| peraplrges. prevented too
eff?@ﬂﬁ;?rtﬁéi nfftalfid §urm”&5thé‘ Y SreRil B ot fo 'MJn%%l Snd may
construction of vascu coronary and peri pher al

proyak theoeeaverenes sf G@’P@WSIWO"EEI%M somplmesHonisedr Yaars ager the

coéi@&ss‘f nt Hé@rﬂ)e@ﬁtl rﬁ)léi'@écf Y NSe UHer® PRE %Eﬁ‘ﬂ@é’dﬁo sudden death,
translum nal coronary angi opl asty (PTCA), t he

somglimesany yeas@ites thesterddmplaptatian. s expanded by means
of an inflated balloon, after the balloon has been
positioned at the affected site of the vessel. Ste

Asi afofesaid, oMasy afeseargsersr atrerintefasted: i | kipealubie, Pw@egradab'e or

biof RAR syais e’rh@nm&gﬁaw Q&ahmaensf: Q587 sYerltd %els iSls’ PAE slow

rough the [ unen he Side effects of

dlsaelgtmpma\qum thetstent sivaalyr me%%llanédn oEadushgispRpeasance of this

deVi@Phfler it has executed its medical function of supporting the vessel wall. In such a
way, the disappearance of the stent will avoid the occurrence of thrombosis formation.

Stent materials should have particular mechanical characteristics in order to withstand
the elastic recoil due to the vessel wall pressure (radial stability) and to increase the
initial stent diameter (for example, under an action of balloon preséure) up to the
working size without destruction of stent struts. Besides, the material of stents should
be biocompatible, free of harmful impurities, and should not elute toxic substances
during degradation in vivo (see U.S. Pat. No. 2005/0 246 041).

Some of the known biosoluble stents are made from various organic polymers having
very low mechanical characteristics. These stents are bulky and temperature-sensitive.
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proliferation of snooth nuscle cells inside the vessel

| umen caused by the injury of PTCA. The snooth nuscle
waelBg4nol i feration | asts geherally 1-3 weeksPCTRPZ08/003585

effect is currently prevented by the use of stents

coated with drugs, such as sirolinus or paclitaxel.

Unfortunately, because cell proliferation is sonetinmes
Mogt perspediive rotesals ifer taatmanufagiuringeefbipdearadatie stents arenmetallic
allcﬁfseﬂhlcﬂa%ageﬂg'ﬁl 4o fqliigs th%u@rb@ ABing’ BYAKQin vivo).

he occurreénce o coronary t hrompbosi s, soneti fres

Magpesivre aljpys/kavesbeshntexploredkiof s pdPEs@Nt has been

inmplanted in the artery. This may |ead to sudden

death, sonetines nanyégar_s after the stent _
DEj RateahNat 2@02/11\328 18P elssriibesna medicab geplantemngde frem magnesium

all éﬂﬁﬁlﬁ@%}iﬁloné %?Pér@télﬁ] fth RbRRCHPRRABREWItR the following %referred

i or esor e stent e | nportant advantage of suC
featuresitQ7 adn%i lishigmi A-16 wi. Sovalyimirun @nd &8 wWh %irge edrth metals. The

rar(é) ge%{ﬁhi r@&%&%r‘ér LR LRI PhniuA Anb/dr %@U@&mﬁx‘rﬁ' m%@éﬁ efalloys

evice aftér 1t has execu its ned

aref Mgdti4 6t SE2d4wherer BF rrgrare earilsereMa WS E3LIZ 4. §0I§rpaéﬁnx/zs&?80"bes
expdiinehtS GR Qﬁﬁia"l’éqﬁ rr[)h S2AtsShEEE fridin! the AES1 b ngSnd whlch efficiency
occurrence o osis formation. Stent terials
is evabatedl. have particul ar nechani cal characteristics in
order to withstand the elastic recoil due to the

vessel wall pressure (radial stability) and to
USi Patr Nas 800418 241036 alisclases furthies madigal mriantdeithgihaiman or animal

bo&&{]q'?ardeafp%out gﬁbffhaﬁ’%hé?&e éiﬁ@ﬁ»sft%a@t)al.wb‘t& an%e%ﬁ#?ng, The

Sl ze Wt truction of stent struts. Besl des
magaesiumaalioyf cantains ostiens| of tase Rastometals Bnd, lithip@e apd optionally

yﬂ@%%&laldn‘m | h&%h g%@gluW&owxdpré‘@FabW éﬁrﬁanﬁ@’ﬁ{.h%m in a portion of

stances urln egradat | In vivo see

0.04do 72mess Bk, zanamoum) in asmrﬁora)pf 0104 te 16 RasH %sepmna@y yttrlum in a
po&.t)ﬁmﬁ 036 7'@&% %’ dir R dRHmOBRAR o IRRINVETR. $1 17 as %.

ver ow mechani ca ar acteristics. These stents are
bul ky and tenper at ur e sensitive. Most perspective

us™B4te No2b&od/6 0ok W%B'%an@é%t éHdoBgos%eth Q\ﬁlﬁgé' aakapt §tructure which

stents are netallic al { be dissolved in
contpigaiadsetati¢ mategale wherein hwmﬁ@"nsdwe(la'rpomam a magnesium alloy

§ &', [+) A r B /-
o Moy iy A O e 15

4.4%pnc halanegis1 Yor Dhis eagpestiohraresppndvassntallyfodbrirIqydE43.
of rare earth nmetals and lithiumwth the foIIovv| ng

preferred features: 0-7 wt. % Ilithium_0-1
Othgr patentsm o ribe Gagianinventprs (P @9P¢ 1l ABP 4193, W@eZQ% Q43 474, EP

2065 td@sz'%éaa'Lﬁs 96@5/@926616&1 r@@%ﬁsmwdwep 2006/1 632 255, US
raseodym um Exanples of alloys

2006/0 246 107) are variants of the |n|t|a| 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
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are Mg LJ4 Al4 SE2 (where SE = rare earth) or

MyY4SE3Li 2. 4. This patent descri bes experinents on
w@pioaasedt 0o, with stents made fromthe AE21 aP¢DRPHNSI003585

which efficiency is evaluated. US Pat. No. 2004/0 241

036 di scloses further nedical inplant for the human or

ani mal body nmade from an alloy that consists at ieast
stephmenefaciyrib the irelypies) aliey IVESS promiiesraeed (fanmagnesum alloys)
corﬁﬁﬂkﬁémﬁf dAPokioREBatfiity BAY BlaSfdidyh Metal s and lithi um and

optionally yttriumand al um nim The magnesi um al | oy

preferably contains lithiumin a portion of 0.01 to 7

HoWayer, Th WE‘JB BH&Q isnaﬁ'pé?gﬁtyr At %tlﬂ%l% Ecbo?a@rﬂ@&ﬁal/%atenal for

optionally yttriumin tion mass %

magntactusing of hiosplubletsienys |('ﬁsdﬁg©mttn'%ﬁilct§¥ aod eq"Q%OrBstﬁB@fy in vivo).
As & [i)lldgf 5his |Ng>re oRE AR h]agé adI%I@ b ﬁﬁslaﬁr}%i@r‘it@%? ﬂ%sgﬁemﬁed

a carrier structure, contal ns a net al
Vel ¢ the URrRateNo 20&6/%5&|&66cAn~a@erwaaath,rbﬂt mmnﬁatlon of the

baé\@%ﬂ&ﬁ %'@Ie%érg%’ ué?fpaféﬁfed‘ o koW 89 SPAPREL bi 0@0% L 2 05 - 5.0%

gnesi ttrium3.7%5.5% rare earth
balanq%Qan d0%aMancep &qq@O%hitss carisylar te émpeaw%&}mm% alloying set
43. Ot her patents of the

S*"Pﬁ%éﬂ'ﬁﬁ%?g ‘%’@%w eyl 793, WD 2004 043 474, EP

2005/ 1 562 565, US 2005/0 266 041, US 2006/0 052 864
Thghegml 1 t%g%ﬁég%?ﬁgéﬁaaﬁowrgs%@ rhks) o?‘rs%r(n\é;"ﬁ‘logf‘hﬁdé?g known
maghegmttiased aloyssare qmn@rzedvn dbe sﬁpﬁer § (datefase é?henrfmre@fferent
solrcEQidopr ost hesi s”, "Endoprosthesis with a supporting

structure of nagneS|un1aIon , "Use of one or nore

el ements fromthe group containing yttrium neodynm um

and zirconiunf, "Inplant for vessel ligature" etc.)

and various itens in the clains (tinme of dissolution

in vivo, nedical efficiency of alloy conmponents), but

all have one comon subject, i.e. stents made of the

type WE43 all oy. The search for a suitable material is

conplicated and expensive (US Pat. No. 2005/0 266

041). Al previously known solutions have hitherto not

led to a satisfactory result. Apparently, fromthis

poi nt of view, the aforenentioned group has been

chosen forstent manufacturing the industrial alloy

WE43 provides a good (for magnesium al |l oys)

conbi nation of corrosion stability and plasticity.

However, the WE43 alloy is apparently not optinmal as a

constructional material for
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manuf act uri ng of biosoluble stents (insufficient

plasticity and corrosion stability in vivo).
WQe@sf42fi4 t hi s i npressi on one’

As

a

may have a | ook BET/EPZ®08/003585

| ast patents of the specified inventors - the US Pat.
No 2006/ 0 052 863. A wide variation of concentration

of the basic alloying

el ements is patented in it:

Y: 2
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to 100% It
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coincides with a set of the

VWE43 al |
AbkOYsi d
nagnesi u

gani

calltigrete ac

oyYSThe :
ns%p’gt els M?pa’sonreelﬁﬂgilt'qnm
m based a

are %nmmar

| eEpEPsieR ratad
el y (Remsiition
zedINKAOWRk t

Condition
le 1

(data ar
Conpar at
Letters
WEARE r 4
['ithium
figures
appr oxi n
for corr

ir e183r t

mted to

Qvs
e taken| from di
ive characteri s
in nanejs of al

h 8Pal s
nganese,
i nt enal
an int q
osion were |ed

|\/|_
t he

fferent so
5tics of so
oys design
5 (REJO K -
W- yttri
nce of an a
rger i n per
by a speci

e fegmwatetm s
at eimmersiofl) umi
zirconium L
um 2-1—(2322 nc;

| opigfesn &aymen
cABT M2 117 *saith

ur& e ga/aatiday 1

|| oys *
ni Ll%/NfFUEed,
. T5
and

t
e tests

al _tspeantegue.

WE4DSI ¢
speci mer

n 18@e wass00al (
S in alstream (

cul at 8@ af t
pf 0.9 % so

er staying of
di um chl ori de

Forging,
T5

3\@#%' or

S defi

a fil o at ¢
ne?jg(gn th\(,eﬁ7 0S4

> of m m
5 of sSpecim

e i

on Exdnuded,
by T4

quantity

of thel magnesi

Nat o Inf nmeact
O1 meaSt

um which

—ann

e Ilo ont
srggﬁfro\r,:?g npl
orrosion rate

H-efrfert-S—he
i nuouysly d
e surface,

reasur enment
t—HHE—SUMVA

QQ Alo iy annn
\vLexe] Moo U1 11T TIy

hect| of,,tLh
sioE#r(?gllg)? o?

i on
fie

i nv
w8
AN i

excreted into

t he

M [
~“"Cast, F
oduc
results
sanpl e

ENTFHON F
ew ﬁ%
i ons.

- —h

TF T O

N
~
™ 0h o0 O

P -

~
eformed, F

-
N

Peformed, T5
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. Cast, F
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D T

9" Cast, F

_BlyoRli ment o4ke | nweoti on prowi des| a magnesi um HaBgtprmed, H2

Inyen¥sN.cqnprising: - Indiumin an pnount ‘Yetweer 0.1
_exampla 10 Inpss o __

Alloy of 190 575 29 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

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.




10

15

20

25

30

35

- Scandiumin an anount between 0.1 and 15.0 mass % -
Yttriumin an anmount between 0.1 and 3.0 nass % -
wRae/i¢ait h metals in an anodft between 0.1 anPCBEP2008/003585
mass % - Zirconiumin an anount between 0.1 and 0.7
mass % - Oher inpurity (including unavoi dabl e
inpurities) up to 1 mass % (in the sun) and the
THES 9MVARE OFOTHEMSVERTION 100% wi t h magnesi um havi ng
purity of 99.98 mass % (only netal inpurity are
consi dered) or higher. (W do not consider nonnmetallic

It i§ BRVbjekt 6Xhé& HiRnfish @PreAle alhel 8@ Bf Maghelan albEfor a wide field
I mpurities, includi ng unavoi dabl e i rrpnﬁgl tjes,

of 9?@@@?’9“5 Ahgallgnshen!d have apHaproyedrcamhination 4f oﬁ"&%ﬂﬂg‘ plasticity
an@R8#b§i6n ?&Ys’%é‘rﬁéw BRHSoRIALNFY BB tHe roBid tehipatdine. Re lva@d gives an

i nst ead i ndiumin an anount of

OPPOTUENN 1] vfetpgwnggm FeiAn ey Y UL m%‘@e@%@? W&af% processing -

extriibr RrgmgaroMgbiRethgereunt of 0.1 - 4.0 mass %
Accor di ng to anot her advant ageous enbodi nent,

gadol i ni um may be used instead of scandium in an
amount of 0.1 - 15.0 mass % Alternatively, gadolinium

In 1R fikk® ;#éf@ﬂe& Qagetidtimhent the iRoéMidhUsrolitles € MERNBsidm based alloy
ampynt of 0.1 - 15.0 mass % According to another

CO’QHU%ﬂ?ageous enbodi ment, hafnium and/or titan may are
- IndaA il &5 beadnttetwédsrrONidn®4.0 hags 9amount of 0.1 - 0.7

mass % Alternativel haf n and/qr titan may be
'Sﬁggﬂumd@éﬁﬁwuﬂ}?ﬁwfg?e 'ld‘rﬁnh SEJPI"bI ned amount of
YQnélm'ln @n anioaRBbdiween I dantd3.benadvent ageous
nbodi nents, the cont E’Pt of ron, ckeloand copper in

FF’ee?ﬂ'bg‘éﬁls i) ANAMAYY E?E%égj 23802 mass % when
- ztArb&u@gluoun tbﬁao@ghb@?eé@t)ﬁ%ﬂ? heRsI%anc tehal | oy.
ccaorain 1to vant a ous . e e ent
- s pen i B poHReV AL TPRLTERLOR o FATSSE (D46 pum) and the
balhéd being risdd Gp 6 zeo%am@h tnaghesiim %amngrpmty ongg:gar a8y % (only
t o .advant ageous. enbod &E%pr éﬂzat concern ,med
1

melg) jimPLER; BRLONEHEH (o6 S oA BRI R giallc mpurities
suPad Bxyyen| ByGRoGeh ,ﬁ.hageraéte)tom ferous and harnful to a

living ani sm s ut not |mtegto ar
Iy S mE AR AT Teyes: TY PRETSsRbmAN ATDEt o 1 mass %
orkBsom um (Cr), nmercury (Hg), strontium (Sr) and

thorium (Th) in
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 %.

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 %.
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concentrations equal to or nore than 0.001 rmass % per
element. All relevant enbodinents are already |isted
W@bwsa4527HE DETAI LED DESCRI PHLON OF THE | NVENTPOMEP2008/003585
Unl ess defined otherw se, all technical and scientific
terns used herein have the sane neaning as I's commonly
under st ood by one of skill in the art.
Acgemdinadatadyartagegusr emeedimgatsethe content ok 6?'1) dvfdiebancbyopper in the
prés%ﬁ?%ﬁ’é]f:ghamrnﬁ @xcéld 09abtREssSbAWNEnPAE &dlb§ 18 high corrosion
patent “applications referenced herein are incorporated
registancgfalioknce herein in their enti rety including the
drawi ngs. The recitation of nunerical ranges by

endpoi nts includes al!! integer nunbers and, where
Acgprgingpioi advantageaus pawedisants, teel Pigsent masnaﬁiuma?i@y has an ultra

fm%-gré?ned%ﬂ; tute YA th tnggtéﬁqslzéiesg thah of’8 Miteshg eferring to,

r exanp a nu Items, and can al so include
1.5, 2, 75 and 3.80, when referrlng to, for exanple,

ﬁ'lgsté adVEﬁta[;S&ué @ﬁwb@&irr%fntsefﬂgt 96Hd%¥r$ m%'dﬁ;‘él hﬂﬂicﬂﬁ@rﬁs the alloy

poil nt “val ues thensel ves g# from 1.

of thﬁ:lnu@@@nmﬁeﬁ not sogtain slementﬂmateg@ fhereus @@dsi’taamfé{!i 310 a living
or%erllsnpgﬁer‘?'%tsagﬁtsnotv‘”ﬁﬁbcﬁi‘djﬁig%ﬁld?ﬂ (ﬂ?ﬂ UdiHhinfufn (A1 Cberyllium (Be),

ercent ages at vari| ous

cadmms(pg)n d]rpwgn H&ve reeesant i(He), ystgntignar (Sl angt thogpm (Th) in
coﬁsémave Er?saé quaed &%5@%&90@6@%&% bat bigmentSone of t hem

I gher strength, whi thers are | ess strong but

Allaelévansle@mém%areeaquadm&efi abPYe is desirable for some
applications to conbine high strength with high

plasticity, high deformability and corrosion stability

THE DEPRIDEPBESCRIPTION OFITHE INVERTIONT the present
I nvention to provide a new kind of magnesium alloy for

Un"l’es\é"déﬁnéd Btndribe afRkLikMéd @RA scibhfficiehny u§é@ Hér@nrhﬁéﬁ}% tAB same
i nproved conbi nation of strength, tJol asticit

and
meABIGo 3 o $BMEDInURIETSAR Hisy e opfnaloll| Ny thef At All publications

refeRIMR8dH heRih ¥id |hc&bbr%ttéd79€|'éf&)éﬁee HapetBi Al UhRédTBRtEd ?é(tents and
allows certain forns to be nmade usual method

palpst Apgligatioes sefergyced éW?'US?rSn'"CQrBP@t% by (refarens, herein in their

enﬂfe@""ﬂ&ﬂ;dﬂ& thé tdrhwing§s ThabieRitatfop of raiierigal Féhg@QV@} @hdpoints
o an al l oy having yield stress at room tenperature

a"h'akﬁgzmumbsrs and.i where anerepriate. Jfack ﬁulaﬁ“n?ﬁsir within that
raﬁzdS%?E F00tVBEan GheNdERY | PN3 UtDth@n rréié?ﬁﬁgetooforr@tramdléladlnumber of
0 a

corrosion resistance in wat and sodi u

itepy) éf“r* c?é“s%i?%t'“%‘l‘%e Bex tZerd- fhaRI1HP0 wee'm sgrmaé%@r 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.

It is an aim of the present 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, and high formability in comparison with existing
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As nmentioned above the invention provides a nmagnesi um

based al |l oy conprising or COI’]SI sting of: - Indiumin
wapooamemt between 0.1 and 418 mass % - ScandP@IYEPI90%0D3585

amount between 0.1 and 15.0 mass % - Yttriumin an

amount between 0.1 and 3.0 mass % - Rare earth netals

in an anbunt between 0.1 and 3.0 mass % - Zirconi um

alloys. dineahigh rformpbiite @liows icestain fPrmsniaske gpade by Hispal methods of
mé&@gy%ﬁs.ﬁgn hﬂsg.a;gf&%g%ﬂaga alvifguétEti es) up to 1

Nt t he anceé being made up to
100% wi t h magnesi um havi ng purlty of 99.98 mass %

It |§ QBLNALIE & exa IR, kd Ye@ish ?@5&6 lé’IH s'ﬂ'bgg‘ Sf room temperature

According to o e ‘aspect o |nven i on,

rr@gmmnmq MPa| ultl@ptﬁ tengile ﬂr@gﬂbpfannorqmmopé\é%,oﬂmaﬂon up
to &nptlgreogf mBrelthan ﬂi%)]apd%o%sloﬂ r@glstaﬂﬁgflﬁ e Yarly diu'iﬁ%%londe

| ess. Conten Cu, having the nost
solgtions bester tanferibe ajey Wi #3si on char acteristics of
magnesiumis generally present in the magnesiumin an
anount of 0.002 nass % of each eienent, or |ess.
As/oentiatied phoye dhe inventiers peayidesfa magnesivenpassd, alloycomprising or

cofdidt ontains alloying elenents in the quantities
ﬁgh %ddg not exceed considerably their solubility in

- Intigm ésam amopgideatueery0.f angrfol mess fspect  of t he
- Sggr‘@gﬁw'lﬁ’gn agﬁb%npﬁéﬂfv%één 8f1 ﬁﬂ)‘:]ﬂi ghid¥iopg el ement is
0 Or |

nass gher, i.e. each has 0.02 nmass % or
- Yitgum inr@n @mdunpbetivece 9. 1 gndprBmasst%at wor k nost

Rfa?éleérﬂbmété@whﬁ ;smo&ﬁrbw&nad } gxﬁ@h%agé g/ istics and

changl ng essent al t her aracteristics have
- Zbe@numhrogmnwnt b@wgarspd %nd ®yimassébenments. For

- otRifn hn@ﬁ@&:fﬂ?ﬁp'uﬁ’ﬁ%ldglﬁ@ wﬂ?m‘ﬂ‘lt% ay toﬂ‘%ﬁs@ o Gh t6@BHA} And the

el enents toxic IVIn rgantsmin
balappe @einstmedeq uate i109%switty sragegsivp| r@vmm}v@' pH9.98 mass % (only

sm(#% ation limts. It is
més?%'qrr'bptggg éJg?“ s@?’gﬁpgytco have in an all oy

conposition such el ements that could have a positive

Acbﬁur@ebeSné%‘%Be@t of N\'enﬂv@rﬁ%\‘\ tﬁ@rmaﬁ‘#\gblhhpfkahltréﬁ%' @RS a total

ing) I nprovenent 1In onbi nati on of nechani cal

impyrities cronissit o 0chZarGbetrd- @’( i QQ510@ 03¢ peaferably| .84 gnassn% or less.
CotdritYofs U1 {i RhcURA havidd the Hld3e-&@rdetnfluence on corrosion

characteristics of magnesium is generally present in the magnesium in an amount of

0.002 mass % of each eiement, or iess.

According to another aspect of the invention, the alloy contains alloying elements in the
quantities that do not exceed considerably their solubility in magnesium. 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.

For medical applications, the new alloy should not contain elements harmful and toxic
for living organism in appreciable quantities, for example, above the biological



10

15

20

25

30

35

condition with grain size of 4, 3, 2, 1, mcrons or

| ess, preferably 3 mcrons or |ess. The specified
w@e@BndRu4 uct ure i s created ild prelininary forpedEPINGL00358S

by nmet hods of progranmed intensive plastic deformation

in conbination with programmed heat treatnent. The

met hods of processing shoul d be lied at intensive
maxnaem| @Ortféﬂg?m ligWisoft isr §Wtﬁﬁe<?'-r$§t dgpisAkieidot have in an alloy

V.

o G PR L oy S RS ub PR eE Lk ARG bocy.

al l oying el enents, di scri m nates the group RE netal s

Foé%hﬁlﬁgﬁgls(tbé‘%fi% Fcﬂ)@h%?nt ‘t‘rptﬂeocgmﬂmhfbﬂ BE mechanical and

eri odi Cc yttrium and scandi umt hat,

COrpRiomn nharnetyrlﬁa)s@f @ffete\sleai*pvs; ahe sllqy should-beysediinaita fine-grained
coRif&H %m H]Falﬁ'F?E lof 418 131 1R ﬁ@BrSIeg{g) %FeFQ(ﬂI)?? 'rﬂlé/roﬁé or less. The

sone C ca propertles sho ered from
spec¢iigd igraigl Bﬁy@u@oﬂﬁ)dgeatﬁén@ Perligvnaly ntprges Asgal by methods of

pr@gé‘rﬁﬁ%dlrﬁ%ﬁ/é ‘Bleﬁh@' ef@inidtiBh! A9 cbrﬂfﬂn‘a\ﬁ&? QMFPP PRodradhted heat

basi's of 't ove ment 1 oned preconditions,
treategntaiihe megtbeds cafs PrEaceseing shosdchrbeh anptied ngteintepsive plastic

deE;r%gﬁ to?e;rrfefﬂnlng"\{h%? aﬁbvn@é( C}Hgnﬁét%éﬁnbr%vgl%ﬁ?é N S%%r stress in

oys manut acture basi s of magnesi um
materitiisithabare preerssedh on the nul ti - conponent magnesi um
all oys has revealed that the addition of indiumin
al  oys of the My-Sc-Y-RE-Zr system | eads to abru?
Ther iaventiosf ibyeaensidesatiom gf @lgying elementsodisciainatgs. the group RE

m &Eg Bfehfs v@ﬁﬁn@ﬁﬁ&s?&ﬁ?‘?}' Lphed ihae Fq#ﬁ:dfcqaﬁl@) R4 bb@l yttrium

rained structure of an I ngot, suc

and snendivm et ieLahthaydaeanddentisabstiusiure of énterrmj; elestsonic shells
wutﬁ%\? ?&I@E% ?Qﬁﬁﬂ?ﬂtw Eﬁémﬁéloﬁ"@ﬁ&hé@ Bk sRodid %e d|ffered from

ose O urt her rains refinenent. reover
thare e lsys s@WPqSﬁlogﬁeQC?QFG'@Gclos ASIM standgrd d@%ﬁo their differing

,nfmgﬁgé(&maﬁ%pg or equal -channel angul ar extrusion)

possess t uni que for magnesium alloys formability:
roomtenperature the alloy w thstand (w thout

Orf 'EI%CBH%@)of gﬁé (Hbgeé'rﬁé}ﬁlo\’\@d g&e%@tf‘(&ﬁs do@yabe fe3@8Rces and own

asse per one pass)

rewarcrﬁbhhe mvﬁr@pmﬁe@t@eé@! q ﬂlgygngﬁleweatsrfpgwe new kind of alloys
m%&é&d}gglohéﬁé/bégs gﬂng nsahbl e for some binary alloys

Besi It vvas unexpectedly found out that
aIons of the My-In-Sc-Y-RE-Zr system

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
received semifinished products (after extrusion, blacksmithing or equal-channel angular
extrusion) possess the unique for magnesium alloys formability: at room temperature
the alloy withstand (without fracture) deformations up to 90% by drawing (some
passes) and up to 30% by rolling (per one pass) without intermediate annealings. Such

a high deformability is only possible for some binary alloys Mg-Li.
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possess uni que heat resistance. The grain structure of

such all oys does not change even after many hours
wowrdRgsamdi ng at the tenperat 14res of 450-470 OFCT/EPE088/003585

allows to carry out hot deformation of such alloys

wi t hout | osing the before reached nechani cal

properties. Mechanical tests of such alloys at room
Besidapeit avasr enexapetedly fount ouh thas ralloys gh theeMgripsSc-Y-RE-Zr system

po%@?% 9%543& ﬁ&@tﬁ‘l ngfmp§fr+<‘[t9r'é &ndich alIo%(s does not change

nical treat ow ng resul (for
even afiercamany beursyithstangdingeat the teraperatyres, ofd29-41Q Ka sThipallows to

ltrf/’ ouPRot\Feformidtibh W%ﬁcﬂ SI%g/Qvﬁth%Ef I%§fﬁg YRe bRIAO pe%@d "i\‘igi:hamcal
to 29 % ?

el ongation up rrosion test he net hod
prapestiesi bed in remarks to Table 1) has shown that

addition of indiuminto an alloy of the system

My- Sc- Y- RE-Zr leads to reduction of the corrosion rate
Mecharieal testsorparchs @oyd ©h reera ieomesaiiign hava @lsof shown very high

restité3 D%hlaﬁ&‘ ng | bf Psn T lcoRGefEE @Fﬁl%sﬁmldgﬁame‘?rﬂél l"i\%&anlcafl treatment

concer resent al can e used y
follewmpneeulitm(fowhgimpsomm hase beematiainpd yieldistress O oatte 300 MPa,

ultlﬁﬁgé{%#sf@sﬁ%éuﬁ foyaod P QHHBBnEEﬁCfJ &g, for

cheni cal conpoln hurrans i ndi cate
is safe; it |s i ncluded in the FDAs GRAS | i st

c&r@% reaky #nHAND zggéagé%cﬁ £8)in ergﬁargshwsﬁmbnw HAS isRown that

I nes eav
addrtlon of idiun inde 8g mﬂmegf WGt&YBleF'DKﬂSI'S@?( -RRferfs lemds §e eeduction of the

co;rb'gigﬁ e t\NlE@Fneégm&éréo? @ltﬂ?ﬂe eSHfosidiPiRe bitA vl é'l’By.and
nds are app

ts conpou ina vitamn or mnera
conp05|t|on for a variety of uses including increasing

Astfgleag?ﬁ%’&gl a&ﬁﬁdg@&nsr QFeE SHcebrld@, 'tHeVSlreserﬁnélloS(Q%aﬁ Wettfh%ﬁ safely

Pat en ovvsthatlnlumrm
forrexample lﬂemplﬁétsa%tch\ﬁst%}elﬁﬁﬁ ang é'aﬁﬁy Q@Fiﬁfe@laéﬁmg thl?'tb ﬁ@d common

mflﬁhhgé oP¥STahpR, W'cﬂﬁmca{ F‘?]ﬂ‘r’n‘“% rh;méﬁs%ares@ it B safe; it

UanItIESWI ers simlar

is lhdﬂﬂ@ﬁ‘élﬁ‘dée GRAR 6R&S |I5é(;G¢ﬁﬁr§|WeRQﬁqg§rzéd ag|Safg) even though indium
is %@Fil%@@%@é#ﬂd Al 4 (I”Dé'a?)g rﬁgtﬂ@ﬂp%' SHRIM Fbcbalqihé’dinnﬁf}ﬁllonal or

rumis also possib e anount of ‘i ndi Um and

phgemlpglgah fpln@@enl’atlent Yise 48] RO6i shews é%@dn%vm@dnfayﬁowounds are
ap@h#ﬁ in @ vitaniin orlmirera compsitich fo? a@aﬂétyﬁof ng@ﬁélucﬁ’"g%ur@as-nﬂ the

ue in the range between any t

detgificatinnmateoefdbe varudnd the éﬂ@ﬁaBaVnt U S § b?@tmeshws@at indium
mdy L Gsed 8RS fize HABEIVIHTOf 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. Simuitaneously,

alloying of magnesium with indium and gallium is also possible.

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 aforementioned values. Preferably it is between 0.1 and 4.0 mass %.

Scandium

According to various data, scandium has a limit of solubility in magnesium up to 28%.
Laboratory findings have shown that addition of scandium to magnesium within the
limits up to 15% provides creation of Mg-Sc solid solution. It increases plasticity and
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According to various data, scandiumhas a limt of

solubility in magnesiumup to 28% Laboratory findings
whane/1shewn t hat addition of 1Scandi umto magneBCT/RP2008/003585

within the limts up to 15% provi des creation of Mj-Sc

solid solution. It increases plasticity andstrength of

the alloy and slightly increases corrosion rate in the
strergth ueh tiel allaydand gilightiyo increases ceafeasion tatienthengpdium chloride
solhh@W g% @caﬂ&: G SntdHl g ‘ﬁ'\érhS%’) %rscﬁﬁﬁﬁﬁ%ﬁlﬁﬁi‘gﬁ& &dtentration

e corrosion rate of M-S l oys can
(un Wc?@a)stée eargsion e of Mgariallays can HICQQ?SQGWWSH er of
grain structure of nmagnesiumingots. According to
Russi an Patents No. 283 589 and No. 569 638, scandium
Scandiumi is raisa goorh medifiet Abarain stuigtepsofi magnesium inaets: yiccording to
Ru@gaﬁﬁgﬁtFSﬁd %83 Eﬂﬁ'l\ﬂ'ﬁ 5695634, %@Sﬁ? Ql‘?ldédHlt|ons to magnesium-
ani cal strengths recipitation o hase 1S
bamsllwsemnwm@unﬂrgmamﬁa@@r@rrpseeergglsmcefandlor mechanical
str%ﬂ?s' um alloys with the big contents of scandi um
y thin internetallic bond in the formof plates
preci pi tates during the solution and forns in the
0 I T
Pr%ﬁ [SI%QIB ut A r%%guﬂll s%rhh%ogﬁglé dﬁ’ﬂl@%ﬂgﬁl‘k@?naﬂé'rﬁh%? é?ﬁeﬁ%mg of
mamnesmm almﬁwtbmpeblstqwt;en&m@frsoan@umvﬁm@ma megiafic bond in the
[ I
forﬂ'%f?fs SRE IPELipi %tso Hr hé @bgﬂgn Ihe f&fn%ﬂﬁ thé 8Fe@fon <1120> in the

sca |umare I'ted by gadol i nium

basa) plangud hEIPJBtQ%dlﬁUibutﬁ mum@mypﬁmnwﬂg‘sﬁmx mrgﬁmmg at the
rocma dérﬁﬁeraMr@ the TR h oc?haﬁlsm 3t dlr St él/o

I nium e anount scandi um an oI [ n| um
present in the magnesi um based al | oy nay be O 1, 0.5,

Th% éera%%i%srzofl %c.a'i_’\dlu?’n ar?e Fso %xhlﬁnte@ by aadghnuﬂn é&se&éent@?scandlum

mass % or a value®in the range between
maame fepaces hyrgadalinumnenthecalion may ermaprisermixtang| of scandigm and
gaP Wegn 0.1 and 15.0 mass % Yttrium Yttrium has the
imt of solubility in nmagnesi um about 2-6% (according
to various references) at roomtenperature. The

The%éun%f nHlegi{ Adbr @/atdor.h.um 5.@3&@%@@ HEBrieRRNEBSER alloy may

treng out essential reductionin plasticit

bedhitl 0B 0r. 35231 61 $TARE B0, NG, V.l 03, 14w 15, ass Y, or a
va&e%%ra'oeﬁ & Hehiisdhf §n§ o S RRE eRGeRTEBoNTPALES. oi2edr88ly it is

cel eratl on (restenosis prevention), etc.
between 0.1 and 15.0 mass %.

Yitrium

Yttrium has the limit of solubility in magnesium about 2-6% (according to various
references) at room temperature. The addition up to 3% of yttrium to magnesium
increases its strength without essential reduction in plasticity and in corrosion
resistance of Mg-Y alloy. Yttrium could also influence the suppression of smooth
muscles cell proliferation (restenosis prevention), etc.

The amount of yttrium present in the magnesium based alloy may be 0.1, 0.5, 1, 1.5, 2,
2.5, 3.0 mass %, or a value in the range between any two of the aforementioned -
values. Preferably it is between 0.1 and 3.0 mass %.
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The anmount of yttrium present in the nmagnesi um based

alloy may be 0.1, 0.5, 1, 15 2, 2.5, 3.0 mass % or
wQ2ualige44 n t he range bet weerl 6 any two of the PCT/EP2008/003585

af orenenti oned values. Preferably it is between 0.1

and 3.0 mass % Rare earth netals (RE) The influence of

rare earth netals on properties of magnesi um al |l oys

e ir solubility in magnesi um al |l oys and

their nelting point. Solubility of REin solid

magnesi um ranges from practically zero (La) up
Thednfluenee pliare epth mefals opArepeasting %mwmunéavoyﬁmeﬂgs on their

LBRAE G ridgheshim toys Jandltein MeRtinge bbinf 9 SbRBM %t URESin solid
se @mlmts ofS sol uglyslty |ne'nagng§FEmnh her @r " I
mag@pau@ rengefroomprgetinally zara di) ng tad peyeen %I-RE Mﬁt@lﬁ from group
wntﬂ%%& Hfn @t‘ssf?cﬁn B4 ]ER) ﬁﬁ% ??r([tﬂ)sﬂa% nﬁeﬂﬁr’ngsfe?ﬁﬂé?atﬂfes and fimits

them Besi rare eart reduce m cro- por os %/

of goluhaﬁ@negnaqmaqunbplghqruihuangnqaalécnj rigm aseur lioyingi up to 3 % RE
wnt'her r'nselsyr?rr]?tgglgg% '&Faee%f 3&?‘58"@@65 Pes"@?&ﬁéesofpfh%ﬁﬁ rBes'ndést Pfe earth
megalg re@ce m@spor@swyrofmgawa@m ?i'%’ﬁ éuwagwer@db@tqmé@nawyal ingot.

two of the aforementioned values. Preferably it is

between 0.1 and 3.0 mass % ZirconiumZirconiumis
Thrrasmeuh % ryrectasinemetals atespaliasthg magnepe h@?ﬁéh@"qyrmay be 0.1,
0. 573‘9”135' Emzad |:§’dsm§é§ b%r A9RIucSIFEIHE Pfhge TBween any two of the

fine-grained in IS easler exposed t0 prelimnary
afosamentinned yakies. @refahlutltu i hetwerg Oohand @ Ogpastatey
enbodi nents, zirconium can be replaced wth haf ni um or
titan that exerts simlar influences on properties of
Zirgenium| gifconiyna isoBaknawb hasicoelerment otiatimakag/ graimdefipgment in

m%'a@é.ern énayeramgﬁﬁ%& énﬁblﬁrg;e mgﬂﬁesgrameeaﬁg&l igldaRier @)&Sosed to

mass % or
pra}mwmndts%smgtedqf@m@nsany tvvo of the
af orenenti oned vai ues. Preferably it is between QI

and 0.7 mass % |t is known that netallic materials
As\@nenoft prisnary empodiments;r zificaaiyny earche serlagaduvigh bafpiym or titan that

exﬁr}t&ﬁﬁﬁlahﬁﬂ@énc@g oG EFHiIEPY dfdogct eri stics and have

er deformability. Usual (industrial) methods of
deforrratl on processing of metals allow a grain size

ThBQbtal 8dub8Nzifconitih Bh&/oP RBInRIN® ah8/oP GtaRCHre8¥ AR thdlinfagnesium
I's not sufficient for sone essential increase of their

based abyt Hawbe Gi 2B2i ©.3cAdr A& B4 8t P dynass %, or a value in the range

between any two of the aforementioned vaiues. Preferably it is between 0.1 and 0.7

mass %.

It is known that metallic materials with the ultra fine-grained (UFG) structure show
higher level of mechanical characteristics and have higher deformability. Usual
(industrial) methods of deformation processing of metals allow a grain size not less
than 15-30 micrometers to be achieved; this is not sufficient for some essential

increase of their strength and plastic characteristics.

The necessary increasing of materials’ properties can be provided only due to UFG
structures with grain size of 0.1 - 3.0 microns. However, it is difficult to create such

structures in materials having low plasticity in initial conditions (for example, in ingots).
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The necessary increasing of materials' properties can

be provided only due to UFG structures with grain size
W@2008/145244 3. 0 ni crons. Howevdr, it is difficul BCT/BP2008/003585

create such structures in materials having | ow

AufHoRS hid fomna fhd OFE sa}ucﬁp@w.twtﬁ@%ré.ﬁ QzecHrdBl-e1.0 'rrﬁcrons can be
I ngot s) . Aut hors have found FG structure with the

achiewethby preethed of epeatedpiternation of extrisinn and-seitiaraeniyn g complex
WIthﬁé‘?Fbg%mﬁ\%Ber@a?@rlerﬁ&{t ‘P&tétﬁﬂ rh- cﬁ?ﬁbéﬁiﬁingﬂmﬁfé‘i'lals as beryllium

efent 1n a conplex wth the programred h
and niabiure-titaniun sypeRonIcting alleys: iThakstraagtbris sncgewd by 30% and

plégﬁ it bR ARE. “Fhé’rb'tH@Je’vEﬁBé&' MhetHO® RVEIBELH BBpidd RYMtensive

el'r strength is’increased by 30% and plasticity many
detqrrnegon Theagnesiemandaoopeer Iawtdustiily rdlows. Fueweapere éd\as been
fm{n t W'u‘é@ 6#9;{)@%@5'\95}1 Qf higROCKHRbGHENR A §h@aptsh'8§s érepeated
uctl ity alloys. Furthernore, it has been foun
altematlort Io& ans extassiqn @ed usaitiement) 4n wpmblr@élﬁﬁom@mpr%rammed heat
trealaﬁa{t aidd feads ¢ weﬁ@a oalegsérmaﬁ bR eéf.réme%tw sssmea R88ble to
ment) In conbination w th™progranmed
use eBantarsive deSPU“PQ,me'ﬂ% shanging:effragterigls’ @@%éﬁ?‘l’ttﬂ" f@? therpreation
of § drQﬁ'@?{‘&lﬂnﬂgﬂhé%@ée%&n&%?ﬁ'lalﬁirfélé 0 use an intensive
formati on Wth changihg of materials' flow direction
for the creation of shear stress during the processing
Naﬂ'feg”meﬁfddélilowl \NaHRli r{HEHf@?'%uﬁééd?)é(n?ﬁgéteﬂéél&eﬁgfslo%e grain size
sequent heat treatnhent) sonme grain Size an _
and @ybg@n 128 g tq Bt Miqrometers podniassr Suah @raie sfructarg pupply high
plagfl t‘r@'{qﬂﬁ %mﬁﬁﬁﬂéb{uﬂ gfhu?bvﬂﬁﬁr‘o@id%%@? Gpétafl&mtpli‘cpemes of
tan eous his will provide high Operational
mq@epr@‘bm@nye@esegn i‘ﬁﬁféf ARY PYRO%MHY design and for any
purpose. Further setting up of any necessary product
form (for practical using) can be made accordin

Fudhgr setting up<f Ayl RRfessaTY Seuak Jorm gor |prﬁg¢t'0@xwm§| @R, be made
ac&;rﬁﬁnﬁ |t$ Qﬁﬁkﬁkgﬂr?fe%hnéladi%\ts@ﬁémes? RolliRg x&8sisn 05re§shﬁ)rm|ng etc.

exi sting references and their own research,
chosen as preferabl e embodinents the fO||OMAng

3 BBl S AR A Thd P s Sk o
as cﬂwefeamleeerrﬁmdmrm thehfollowing dextared abmpesitioos af swagnesjim alloy

thagﬁsg?/@)esbegﬁg gwéfl ?ﬂgﬁg}g@kﬁgﬁgﬁ%%?ﬁ rgagreqlcs at the room

teraperatting sandnaisof kigh dveath gesiatagee qameng uthies kn@ovm mme%ljm-based
ali s';)mji um (or galliumor both) fromO0.1%to 4.0%

?X TiumfromO0.1%to 3.0% scandium (or gadolinium or

both) fromO0.1%to 15.0% RE fromO0.1%to 3.0%

Any combination of the basic alloying elements in a following range of amounts (in
mass % ): indium (or gallium or both) from 0.1% to 4.0%, yttrium from 0.1% to 3.0%,
scandium (or gadolinium or both) from 0.1% to 15.0%, RE from 0.1% to 3.0%,

zirconium (or hafnium or titan or any of their combinations) from 0.1% to 0.7%, other

(including inevitable) impurities up to 1.0%, whereby the basis of an alloy is magnesium
with purity of 99.98% added up to 100%.

Contents of iron, nickel and copper in alloys should not exceed 0.002 mass % per

element.
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zirconium (or hafniumor titan or any of their
conbi nations) fromO0.1%to Q.7% other (including
WO p@siiszid e) inpurities up ta381.0% whereby thRCHEBI088/003585
of an alloy is magnesiumw th purity of 99.98% added
up to 100% Contents of iron, nickel and copper in
al | oys shoul d not exceed 0.002 nmass % per el enment. The
The inuentive, allays| thgtsarerraevided fqsrordierl @pplinatiaag seeyld not contain any
x?oogierr%é ﬂﬂéuéhgjﬂgﬁ K]OEeC@?jt @rnTﬁ"chs G lappRIcRIBR hSantities that
I nc g‘ etc.) 1 n appreciable
cogldinupnee etliving bos d i an uence the living body. The
magnesi um based nul ti -conponent alloys of the present
invention with a grain size no nore than 3 mcrons | _
The rraagnesium- héSQ‘d)ngmemﬂem ﬁMﬁd@fn@erWGW’itéﬁmﬁlaﬂ With a grain
sz@?ﬁ)eHo%‘tth&P'ﬁr I OR% bRACR! R Forhiabii |H(5WJ(§%H§ QBbrqetemperature)
ol uti1on and high heat resistance.
exwlea@qusméﬁsls@ncgmesqﬂr%ahleﬂd%cplwgbrsamggaeaféﬁﬁét@@ce
for the preparation of magnesium based alloys as
described, for exanple in [ Lipnitsky AM, Mrozov I

The wlloyReaf tirropreggntdRventinn ere pigpatesgisinggsiandard methagsdorthe
prepardtion of ?r%éﬂgiuumcﬁ%gﬁ %'IIB%& ?4 glfscﬁbéd’Yor‘l-fxaHb‘i’e inr[‘L‘?ﬁ?ﬁtbﬂﬂA M.,

'S prepa I rec usi on gnesiumw th

Mosereyil J@Cmm@fs\qnfef EPUR |CgPﬂngﬁeq|ué\ﬂ@§hglmdQ§Q T 844pp].
furnace having an at nosphere of high purity argon and
ina high purity graphite crucible. For full

Geneealipl the iatiey of thalinveptian isrrrapared ydhedirest fusion; ph@ggnesium with

¥/ /.
the %Fécﬁi%(‘)él%%btétm? %gﬁglgg%ﬁl%;ng et cf?én mcesrgégnng &Qatn?@é?;bere of

highepurity cirgen tasdipier athiglk nuntyagfa@hg% ‘apugible e fog iyl ﬁmolyﬁon of all
cortngg %ft@ftﬁé@ﬁ{] .9%?d%d\fuﬁkﬁ@%anre%tQﬁ@{@rﬂpé?&w@mo@@1é 0720, 730,

e cruci bl IS | owed to stand f

74@57502@ 0,770, 380, 789, 800, 814582%» 830 deg Gor mtemp%@tdr%rn arange
bewenaar?g%b% a@rérﬁé%ne&wmsy aeaéréwbameten %g tg 780 deg C.

aforenenti oned val ues, preferab XQ bet ween

Theyi anugikle is BHewed te ptang fﬁb@r d8. 3bt 2.2 39, &§o|48d 48; @@y 55 or 60
mlﬁ[ﬁééj M ioP a &Rﬁcﬂnaé raYELboBY d@tmdofotfhebﬁbﬁeﬁ@rﬁ@ﬁéﬁ values,

e ingot obtal ned may be extrudéd at tenperature of
preferably betweeant) and a0 nametes 3Ehe, aliop is, Pared oglgpto Bgepled steel mold

wﬂﬂ%os;ﬁz%%l §aut9ﬁg h@mf&td&t@m Bef. f f'ﬁ@qgobswﬁ%e -ﬁé‘,ybé Wtruded

orenen I oned val ues, pref
at eenrsTB U] 360, b 338 A0S, 369.r370n 280 (39080 40O iy C. or a
be subjected to deformation by equal -channel angul ar

extrusion. This may be performed at a )
temperature in a range between any two of the aforementioned values, preferably

between 330 to 370 deg C. The obtained semi-finished product may be subjected to
deformation by equal-channel angular extrusion. This may be performed at a
temperature of 270, 280, 390, 300, 310, 320, 330 or 340, or a temperature in a range
between any two of the aforementioned values, preferably between 300 to 340 deg C,
for a number of extrusion cycles. The number of extrusion cycles will depend on the
composition of the alloy but generally, will be 8, 9, 10, 11, 12, cycles, or a number in a
range between any two of the aforementioned values, preferably between 6 and 8
extrusion cycles. There may be intermediate annealing at a temperature of 400 to 460
deg C, preferably at 430 deg C for 2 - 3 cycles (to achievement of micro-hardness H, of
100 kg/mm?).

The inventive alloys have been prepared by using standard (conventional) methods of
Mg alloys melting.
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tenperature of 270, 280, 390, 300, 310, 320, 330 or
340, or a tenperature in a range between any two of
wao bwsaisenent i oned val ues, pPeferably bet weenPGUOP1008/003585
340 deg C, for a number of extrusion cycles. The
nunber of extrusion cycles will depend on the
conposi tion of the alloy but generally, wll be 8, 9,
Thealloy of thecpresgntliruention can harised in meglica dgvicesewhick ﬁaa‘hfontaf—t
thd EQdeIt Fnay oy @e%mtéxe%@hh\s%' pHiBof #'sEieW BpltyplaRl Wi, Qubular
extrusion c ere may be internedi ate
m%ehnetant spjirait call, mﬂ@eeadga@e@r 400 to 460 deg C,
preferably at 430 deg C for 2 - 3 cycles (to
achi evenent of m cro-hardness Hm of 100 kg/m®) . The
ve al l oys have been prepared by using standard
E%ﬁg&e%tl onal ) nmethods of My alloys nelting. The all oy
of the present invention can be used in nedical
devi ces which have contact the body. It nay be used,
Expewpleckanpl e, as part of a screw, bolt, plate, staple,
AIIB)‘/I Qﬁﬁﬁéts 'E@§$}\t|§®t3f‘ﬁvagﬁ@élﬁrﬂ| wmpﬁuﬁty of 88 687%AR#h addition of (mass

eter oy consi sts

%)egsﬂ%tlnd'llrw @?%ﬁgﬂ@tmmmafﬁ%hmmmt?oé% the . racey wagiht pnd 0.4%
znr@(q‘ﬁul}\' @Bn@hts( ﬁ@sﬁl #hd €086 inBflbkBedo0. 802 R CHEcHMand coifents of

trium 3.0%the rare earth and 0.4% zirconi um
moas!ﬁmtaéﬁteé,n%s aM inapidities, dg dohexceed OQ8d0-0. 002% of each,
and contents of incidental elenents and inpurities do
not exceed 0.05% The alloy was made during the direct |
Theualioynwes madm eirinen thet diredh fugipe| of ninaanesiypewith dhe preliminary

priﬂ%?%@ Im&dte 0¥y tv«htht e $peshidd *brRéMEBAt § high-frequency induction

frequency induction furnace having an at nosphére
furaacmuhgwnguan ymesrisre afchigh parilyi grgopuand yn G AigAi Pwity graphite

cr&rtfﬂé' ble. For full dissolution of all conponents, the

oy was stood in the crucible at the tenperature of

770 OC within 15 minutes and then was poured out into

FoR P Yikdiumbe & QP'chWbﬁéht@ feesilicy wasUltbsd iMhEEdli&Ble at the

of bottomteem The oObtai ned i ngot (dianeter of 50 nm)
terpperatie of 4 Q) @tw'hfb15 aHprdea e dhest was pogred fut inte [pecooled steel

mAS WitH S PRciaPaADIRY byPméthod of bottom teem.

The obtained ingot (diameter of 50 mm) was extruded at the temperature of 350 °C

with the extrusion ratio of 3:1.

The obtained semi-finished product has been subjected to deformation by equal-
channel angular extrusion at the temperature of 320 °C, number of cycles of extrusion
12, with intermediate annealing at the temperature of 430 °C through 2 - 3 cycles (at

achievement of micro-hardness H, of 100 kg/mm?).

Samples have been cut out from the obtained extrudate for the tensile test at room
temperature 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
Mechanical properties (after annealing at the temperature of 430 °C within one hour):
YS=215 MPa, UTS=290 MPa, elongation=25 %.
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The obtained sem -finished product has been subjected

to deformation by equal channel angul ar extrusion at
wa bestieszper at ure of 320 0C, Alnber of cycles OPCT/EP2008/003585

extrusion 12, with internedi ate annealing at the

tenperature of 430 0C through 2 - 3 cycles (at

achi evenent of m cro-hardness Hm of 100 kg/ mm®)

Sanpl es have been cut out fromthe obt ai ned extrudate

ofn%Elthr%tlBe(BBﬁkr%dt SySta ﬁkaglﬂgmeh?@*fﬁ@ t"’\BQ’s tof Specifféhs and

corrosi on aviour (1 n a stream of % sodi um
quantitativegdefinisionof e ranﬂnmowmfzh hae paﬁaeéamﬂaﬁ sgjgtion, through the

r hani cal properties (after

f"‘éﬁnﬁlé‘g}”tﬁ%sg‘ﬁ 1'ﬁ§+é|/érﬁ2/&$§ture of 430 OC within one

hour): YS=215 MPa, UTS—290 MPa, el ongation=25

é%ﬁ?ro'f QFé QBsts AHod ¢ RENAR bé(cc% Jﬁ@%Hrtﬁg‘%QQerﬁfontﬁ‘a‘% the best

0oss of speci nens and quantitative definition

comblrtahen refgnechaninal \émidc porrrsion Reenertiasnin Gemparisan with the most

H;@q g abShbl.#. 1 no/ cnk/ day.
WI%%?PAI’%%& I{]gﬁg‘%s%fs gwﬁJt (\a%t t he ﬁl | oy according to
the i nvention has the best conbination of mechani cal
and corrosion properties in conparison with the nost

wi despread industrial alloys of magnesium (see
Example 2). Exanple 2 The ingot on the basis of magnesi um

Th)é’iirtéébt %thé %@/% o?ﬁw %e/glu?ﬁf‘ %2 @ﬂﬂ* bf Q@gg‘f/ (WitR S1dtbn o%rqﬁ%’%s %):

scan I um O/o rare eart
1. %dn@us%gzw%cmndmm c%m/oemttrwrmeZ Of¢ ranedeath @ydn@p% zirconium.

Camdrte FLINiOafP 2 %Cl:iot @g& e90Bt %rﬁ(ﬁ%)feaeﬁhgﬁd ontents of other

Inmpurities In the al not exceed 0.01% The 1 ngot
impurdiesin 4he @lloyr gotred axe@ecba 04 fe Clihei ingiot was iebtaingshpy éhelmethod

sp;l'{]ﬁed ,ﬂqggemﬁ?@qrther subj ected to deformati on by

al'ternation of cycles extrusion (the extrusion ratio
5:1) and upsetting up to initial dianeter at the

ThEQﬁgcﬂrv@st“(uﬂhQrf n@bi&fté@% Fﬁé‘tWﬁb@J a®rn &t Eﬁcy@es é’i@trtuglon (the

ate a alin e tenperature of 40
extrgsien ratioe?:y) apd |u9set§yagrpp é@, initia) éilaj@%tﬁr @wedempferaslmetqfe%o -360

°C°€.Lﬂ{bré g BJcRRA; 33\“&9 ﬂléérﬂedh@aﬁ%ﬂﬁé‘ bEMk térﬁﬁér%ttﬁ@ &f 400 °C after

sts or corrosion (In a stream 0. 9% wat er
evenlaytleon of sodi um chloride and a speed

Samples have been cut out from the obtained preparation for the mechanical tests and
nos

tests 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.
Mechanical properties (after annealing at the temperature of 470 °C within one hour):
YS=190 MPa, UTS=275 MPa, elongation=29%. Corrosion ratio (in a stream) waé 1.8
mg/cm?/day.

Results of the tests show that the alloy according to the invention has the best
combination of deformability and corrosion properties and satisfactory strength in
comparison with the most widespread industrial alloys of magnesium.
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of the streamof 50 mMimn). Test results. Mechani cal
properties (after annealing at the tenperature of 470
wWODsisieh one hour): YS=1902\Pa, UTS=275 MPa, PCT/EP2008/003585

el ongati on=29% Corrosion ratio (in a stream) was 1.8
ng/ cn2/ day. Results of the tests show that the all oy
according to the invention has the best conbination of
defornmability and corrosi on properties and
satisfactory strength in conparison with the nost

§spr ead industrial alloys of magnesium CLAIMS 1. A
magnesi um based al |l oy conprising: - |ndium and/ or

1. A3hdgneBuhPbasediiay caimpHgihgbet ween 0.1 and 4 mass % -
Scandi um and/ or gadol Iniumin a toftal mount, bet ween

' ) a
- Inslium gRg/on galjumyin a tekal ameunt betyygen . L and Bet ween
- SRardiaMGnd/d? gBBSIMIUM in a RRaIGarkeunt BetWrRiedl0s1 bid 85.00h4ds %,
anount between 0.1 and One or nore of

I 3.0 nass % -
- Y3tnpadm ap amoyat betweea Ad and 3A "i“??sa%’t otal anount between

- RardleafifimBtals BS®tdandudt betVBER 03l 4HY 3D iasgWe] ty nore
t han or e&ual to 99. 98 nmass % naki n&aﬁgmt he bal anc

- One aMEomR PTR)rCRRINBY: dvafiup Andl thanima t Byt Retygen 6:1 and 0.7
mdds0k&lndor copper inpurity are each present in an
amount of 0.002 nmass % or less. 3. The alloy acc roLi)n
- Magnesimith Ryritpmoyg Hiapisy ekl ta PP 98iAss Tednalfing 4p the balance.
fine-grained and the grain size is |less than or equal

to 3 mcrons, 4. The all oy accordin 0 ang of. cl aj nB
2. The pligy acapgingsionglaln do Wheerky o midheb &r Gpber impuly are each

prdseit ihinQtsott 8NBIab2 nfass Pher Riskoy according to any of
claims 1 to 5, whereby argentuns (Ag), alumnium (Al),

beryllium (Be), cadm um (Cd), chromium (Cr), mercury
3. (T allo§ tacedvdingMo(cin RBE 2! WhEeBthel Blruckire iSark fiieegitied and

in an _anount of 0.001 mass % or |less. 6. A use of an
thegrats\ sizesis dessi thary of auahiP 3MEPA$ns 1 to 5 for the

manuf acture of at |east part of a nedical device.
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 use of an alloy as defined in any of claims 1 to 5 for the manufacture of at least

part of a medical device.

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

8. A use according to claim 6 or a medical device according to claim 7, wherein said
medical device or part thereof is a screw, bolt, plate, staple, tubular mesh, stent, coil,
marker and catheter.

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

10. An endoprosthesis comprising an alloy as defined in any of claim 1 to 5.
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7. A nedical device conprising an alloy as defined in
any of clains 1 to 5. 8 A use according to claim6 or

wa@2omdiead devi ce accordi ng £8 clai m 7, wher ei PCHEPZI08/003585

nmedi cal device or part thereof is a screw, bolt,
pl ate, staple, tubular nmesh, stent, coil, marker and
catheter. 9. A nedical screw conprising an alloy as
11 masiag! belt egiyprising-amaligy as defingd imany sl(.%'%wadpip thesis
conprising an alloy as defined in any of claiml to 5
.11. A nmedical bolt conprising an alloy as defined in
12 oy yneglicat platengpmprisingsan alpy as 4‘132'6?%&1 any ¢fclaied 3P Psi ng
an alloy as defined in any of clains 1 to 5. 13. A
medi cal staFIe conprising an alloy as defined in_any
13 oA medigahgtapletcenprising ansligy ap @&fchﬁlmﬁnarof fagps 110 5.
conprising an alloy as defined in any of clains 1 to
5. 15. A nedical stent conprising an alloy as defined
14j A madjcabtubglag mesh comprising 8p allpy ae detingd iB @y oEelams Sihy
an alloy as defined in any of clains 1 to 5. 17. A
medi cal coil conprising an alloy as defined in any of
15 cA medical stept @mprsingsamalley @gldefined in anv-of&taime 13 dsi ng
an alloy as defined in any of clains 1 to 5. 19. A
medi cal catheter conprising an alloy as defined in any
16 oA medigaheoilicaneprisingoan allay|asydefined branyref clamar tp dast one
of the previous clains, applicable for nedica
products such as screws, bolts, plates, staples,
17¢ Almeadigal eeikepmprisingt an alloyiasglefined iy any of glaime 140 &nd
cat heters.

18. A medical X-ray marker comprising an alloy as defined in any of claims 1 to 5.
19. A medical catheter comprising an alloy as defined in any of claims 1 to 5.
20. Alloys according to at least one of the previous claims, applicable for medical

products such as screws, bolts, plates, staples, tubular mesh, stents, spirals, coils,

markers and catheters.



