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65 In this example a series of six amorphous Cr-B alloys were subjected to a test environment of 6.5N HCI
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chrom um boron all oys range from about <O. g08 to about 0.65 nmm year.




Exanpl e .2 15 A series of six anorphous chrom um boro
tested iin an environment of 6.5N HCl naintained at about
Exanpl e 1 above, the anpunt of boron in these alloys var
atom c percent to about forty atom c percent. After test
about [errT for a tine sufficientEPoO20884d4 81 rosion o
annual™ corrosion rate for each sanple was cal cul ated and
graph~n Figure 2. As can be 20 seen fromFigure 2, the
chrom um boron- al | oys tested under -t hese condi tions vary
t he boron content of -the all oy. hb%%Q , When the boron

bi nary alloy is less than about 'tga.;glom Qergent, t he

corrosion rate under these circu@ta g-—l egs than ab
When t he boron content of the a Blis f;%ﬂg Y, §XC
percent, then the corrosion rgjie>*ga&gni ant y h| gher
from about 800 mmyr to about&P00 W yr for 25 alloys h
content between fifteen and fgfty percent. Wiile the cor
anor phous Cr-B binary all oys e significantly |lower tha

pol ycrystal line chrom um net al,| t@e rrosion rate is dr
decr eased when the boron cont §nt %t §he chroni um boron a
fifteen atonmic percent. 30 & &oo N88 S
-10 Several chrom um netahl o2l ®ifp |ﬁ&”§ wet e test ed
nvi ronment al conditi ons 63HN 28 oht 26Tt (er'r], ' rlef
Cl , concentrated hydrof | wefri ac3d 0 percent) and/or

ercent sol ution of conceﬁfra d hydrofluoric acid and c
cid, These conpositions i< ed anor phous chrom um pho
hrom um arsenic binary al=® y& as wel | as 35

aving nore than one netal# ele@nl. The regylts of e
nvironments is sunmari ze(g ng algg;&’ bet o ARlzBed | i

{ndicates that no test wasdpegorzRIB| 4R F5°50S5%.Q0 65
ERR]  EP 0 209 341 Bl AB| ca 18 %Shn F RO EXafPet 8-
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xcel | ent corrosi on resist
oncentrated hydrofl uomic

CG when subjected to-refl uxi
and a 50/50 vol une m xtu

chrom um n

n all oys were
[err]. As in
ied fromabout four
ing in 6.5N HO at
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is depicted in the
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as-a function of
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put twenty mi yr.
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in the range of
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hmatical |y
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Exanpl es
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kKposure to these

he in the Table

b EP 0 209341 B1
5 i n the .Tabl e,

L al | oys exhi bit
g 6. 5N HCl ,

e of concentrated

ydrofluoric acid andlﬁtrg id; the corrosion rates |1 all environnents
tanging fromless than™ab 0. 005 yr to only ab 022 5 nm yr.
Exanpl e 7 depicts an anor p8pus chr pul t,i meg g EF a | oy in accordance
Wi th the present inventio hat, i fIUX|ng 6. Cl, éxhibited a
torrosion rate of about 0.9B1 MM yrg anpl e 8 depicts ap anor phous
hromummnultinetalloid algpy simlar to the alloy in Exanple 7, except

hat a portion of chrom ung
esting in refluxing 6. 5N%
lbout 0.388 nmm yr.

s replaced with Si,
HCl ,
Exanpl e§ eval uated an anor phous chrofn
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as taught herein.
this alloy had a cor osion rate of

| \oy that included Si as @ap M el ement as taught herein.
.5N HCl at about [err], t8 s all oy had a corrosion rate
ear. A chrone-netall oid oy having Si as an M ¢l ement
ested in Exanple 10 in 6. a
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HC mai ntdl ned at-about [err]. SI was present in the alloy of Exanple 10 in
an amowit of about 20 atom 15 'percent which is outside the teaching of

t hi s Adiscl osure. The corrosion rate of this alloy was about 607 nm year,
whi

<h exceeds the corrosion.resista IOy conpositions taught
rrein. Thus it is seen that the co%#%péni‘fr#gccordance with the

t eaghi ngs her eigy @k eliebn F¥MekaMples 30T The Thblel Bindry MfRpHols SRYRIALBhosphorus and
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h

on
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rern sail metal alloy is at 40 |east

er ei ressai d anor phous netal all Oé\ i s about . 100 percent anorphous. 6.  An
rphous met al -AMaERhoss meRkalioy piife IMPIERR] wherein Mis at |east two
enents selected fromthe group consisting. o B C P, N S Sb and As;

arld wherein that portion of x due to B ranges from about 0.04 to about

16; thato povhietebrMad one etbirent sele@ed &omaise groumcoadisting oOB, (LI PN Sadmand A 2G4 and
t hat powhenoM iB. xeanhge frem apout Q04 tp 3”89‘%%;86 ranges from about 0.04

about 0. 30; v«mw&mg;gdg'@iggf@%gﬁfﬁ*ﬁ@ £ abopit, 0. 04 to about

30; that DOTt b inorbnilitndidl sy ihiGibordhrice nﬁeﬁmw (iR Sait ) rRIuBEY anMiement M,
enent s & e wieRHemMt is bEledgConelclenithtdaRtibd florh fhelgtouplaonsisting dfSi, Asrd Gegndrvetetein Mfis
due to M winesentlih the aloyeands amoudt thatlisvdse thao phequaip @Bxhend ot gregtepthes@®id.) to
-X) is Iessi? %5- T“PH@H'P@'\@EQI"'?H"GF@F“V@ witheClaimdr Wieerin saifamarehioms ggtal gfloy is at
cordance w ' | i irf Lol Frp '

is at keagpa & : Q:r%%&phse},%g%hq? ‘?(h%%%%%‘%ﬁ?%%&éﬁst I ng o%%fnw% lsg%cf '

, and wher ei nsNhe bmophaseretal sllvy tnfsecanddncswithrClaim 1 sreraintsaid iradrphaus metabalibyiaabout
equal to (108 psrypent amerpheys- gr eat-er than 0.10. 8. The anorphous netal all oy

in accordance wSt4n ¥nephoug MRRLileY Af B8 fi™UAbr phous metal alloy is at 60

: I“éagit 50 percent anorphous. 9. The anorphogg_getal alloy in accordance with

Cl.aim 6 wherein said anorphous netal alloy is at |east 80 percent

afor phous. 10wheTéie Massstr:pdsw's ilmeali selpdtes) framnthd oup densistingf BhC.@, Ni $nSB andh &s:aind
i . ue n M ]

sai d_anorphous yesin by Ipe)z":ﬁégo@‘f ML & 9%?)@"'3!_)&?%‘&?1?4 ‘a@?;ﬁ(ﬂéﬁs. 65 7 EP 0

2Q9 341 B}o portion of ranges from a

out to about
that portion of x due to P, N, S, Sb and As ranges from about 0.04 to about 0.30;
with the provisos that x ranges from about 0.04 to about 0.30;
that portion of x due to M when yl is B and/or C and when other M elements are present ranges from
about 0.04 to about 0.15; and
the ratio of (x due to M when M is B and/or C and when other M elements are present) to {1-x) is less
55 than or equal to 0.5. : : : :

. 7. The amorphous metal alloy in accordance with Claim 6 wherein said alloy includes an element M’,
wherein M’ is at least one element selected from the group consisting of Si, Al and Ge, and wherein M’ is
present in the alloy in an amount that is less than or equal to 0.5(x), and not greater than 0.10.

8. The amorphous metal alloy in accordance with Claim 6 wherein said amorphous metal alloy is at
60 least 50 percent amorphous. -
9. The amorphous metal alloy in accordance with Claim 6 wherein said amorphous metal alloy is at
least 80 percent amorphous. :
10. The amorphous metal alloy in accordance with Claim 6 wherein said amorphous metal alloy is at’
least 100 percent amorphous.
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n be seen from Exanples 3-6 in the Table, binary anmorphous

e Um phosphor us and-- chrom umarsenic alloys exhibit excellent

COI‘._OSI on resi stahce when subjected to refluxing 6.5N HC, concentrated
hydvofl uoric acid, and a 50/50 volume m xture of concent r at ed hydr of | uori c
aci g and nitric acid; the corrosiongmig¢200344 IBtnvironnents ranging from
| esg-.t han about 0.005 mmyr to only about 0.022 5 : -
depifct s an anor pems bé Béeh nrrdmﬁmuin!esrﬂa-tﬁalhltm Jeblg, lb he%’ ?%ﬁ%':ﬁhzigho L
pregent - |nvermrMumhwnthaMW@F*'Bﬁ 333?&125' oebd § (ipdT6 MO Boid: artdonitric.

I bout 0. 18coneant e a| ! [1439than about 0.005 mmlyrto only about 0.022
. Chradmi-um nul't rf’%ﬁl"?"(‘S‘?sEf"éT stmlar to the aI loy.iin Exarrpl e .7 IBL cosont:
t-hatf a port i off™ ahible 91d iasVﬁSamdaﬂtoaseldothsvm‘ﬂ?“# ﬁ?’ngfﬁ m&f F
tesging in refovihtionthat) i ng“c"t""'“@“a'a"’g&';””’%é aag sﬂmaptb o oy G Edat 7,
0.3¢8 mm yr. Exaixpinple3 @mmma@amaw e iy AftgtRéstihg irefluaing @»;N

- i ncl udede&eptéb,atari” L’;;%fa ug Rerel n. V\hen tested |n 6. EI\I

el ment

dbout [8rrit PT,g.yat aanoebawsaatomtum-mu@mfa"%dmt hgt indl
ekl by R s st e ttstttfét:@f b eae
canpl e 10 ybst. A ctrdinéDetalioid altoal‘"ﬁ@'ul a'Toé' #h f WS andneufdf about 26 1gtom
y of Exarmtcem!@tamd a ] acmasﬁhﬁm olﬁs,o,pﬁfe@emg aliyi WS apqpt 607 mm/
| de the t SACRE °5er2§ c r%s?dn ce iR amev cmo'mnsaaueh'dﬁf%'hl s .l "em
was about 607 " mh Shis <o ﬂttdnlaen @qmdemedﬂthr 8 tarhing %fgzgnﬁﬁ:é
corrp05| tions t&mg £tﬁ'ic§to sitrmsv cctrroslee %@?mﬁ ;t ﬁﬂﬁﬁ ,laRd o the composmons'
accqr dance w t.hethlrwo\tseamm tes Khat WPIR Megh3 4 ,Q h e %g%i h &e&&mﬁcnrmml i bepded In
to %ever el yo c oshouldjbe Quitayseiu @E%‘Iﬁ’ me ' tprécioas er oTFpESIPYS Wetals.And so are
armoriphous et afdditio, o GeaRfe otbatmchlhepltcatmeeham cal properties are

not 't
i vely hi g?\c %"r't'ggz%s e corrp05|t|ons 20 should be quite useful in

In gdditiores these conposition pduire the use of precious or
seni} preci ous rreth}‘\gm’%‘ﬂ%f"s‘?}a'éﬁ%’%&%&%ﬂt{ucal |y feasible for a wide range of

pradtical applications. Clains 25 1. AnorphSusMietal alloy of the formula:

[ERRl -30 wherein Mis one el enent select ed from the arowpy &8s Lsd Addandf B,

C, N, S, 50Sb whesind js mdlemetrﬁe'm'?dsf“ﬁ‘ t" 'stl’"tg A ‘%léu't] 0.04 to about
0.16f when Mis O”hw'b?a éga'lgl"b daoagggua 0.20; and when Mis P,
N, § Sb and As, ¥ gastfrafaaad:momeawtoso .
meta] alloy in-ac S?hggn.s.ehuusmm&mm decontirmpeiith Geimd verel = g h@ggpﬂs i ﬁﬁf‘"&. i

nt M, 335 Ml 8 af\lbast meaterﬂeetasipcteﬂf@"eﬂhé °§§'§£t %l r&mrft ogo.oup
sting Sf S::reseﬁd in ghechllgiin aaﬁ l Inggg’ygﬁq & %éem(,’ggﬁ' shg edr;taiphm;s mqtpl akipy is at
t that is | e§s“t°t?&1?'§5r‘§: Ia ™ and not greater than O

Aor phous e P B Vorols ﬁ&ﬁmqsl,a.a Qécoriatde vihglaim 1 whereingspid ag'atva%t'rmﬁ& ﬁ@‘tYs's at

metaf al | oy & L nbadgipticvent ~anor phous The ng 1364 Abtaialidyayabout
i n_apcordance vmﬁtstts m?‘mmmw@f%?mwﬁg&mﬂew?mﬁ? oy Is at 40
| edst: 80 per centotgersepiameeno Qthg: metal al l'oy in accordance with
dai m1 wherein s d“&%?ﬂﬁﬁd%e%logf&mléﬁgy I's about 100 percent anor phous.
6. A ,_._am)rph us netal alloy of the fornul a: FERN} wherein Mis at |east two
el ements selected fromthe group consi st| n o 8, c, PON,8)8b A6d As; and
and’ dher ei n thatwmairtMaﬂmtmstiw E"‘T'ﬁ:o g‘g&;ﬁfﬁ'ﬁg@gmi\d oA to about
0 '1‘6;;?"that portlon“”b\"e"!‘ 'Sﬂ Yt 660G bt 0.40;tand about 0. 20; and

A that portio E%\@ LN sSamﬁbs rané?smrma 284 gt 45%ut 0. 04 .
tO alout 0.3 wit R d?desﬁtﬂ&rhmsflwﬂlﬂ .04 1pjah & %&&QMtrangesfrom
0. 30; ..j t hat portlonﬂclaipomduéxmﬁtmwm rirRgA gene h‘e\?ﬁt"gentsc?t her-
el engnts are pregontodds \HBOM Qa%rbgn&bﬂﬂoﬂﬁr ms.mmatem@smw s less
(x dfe to Mwhen MHerao! “Srm and en other M eI ements are senar)elmg)emM
(1-x)Eis | es$f55 "P‘P:,Sﬁ,ezo; hd@d métl allbySn acéordanaewitnglpi

] M’ i
accorflance Wi th @Ehareiiivg isv as ome medt %!eFt frormthp GU’§§ tmbg'ﬁ;% e,t en'?.'eﬁ" N

?B/Ie ! Z :'gt Wlhgfgt noi?/I&s;ﬂg's‘e amo:-t,t'tsogtlsat?t(e?t?le alloy in aﬁg Jggceh?lﬂ i @ Whbreinisaig aﬁi:rpﬁou,s miskal alloy is at

50 percent amorphous. i s metal alloy is at

B 60 . .leasts Tt?e amorphous metal alloy in accordance with Claim 6 wherein said amorphou Y |

% o ' 'eam1g°-‘9:;c:,:t°?:;,z‘r: :,ueial alloy in accordance with Claim 6 wherein said amorphous metal alloy is at
H

o '_Ie,ast 100 percent amorphous.
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ot greater tham 0.10. 8. The anorphous netal alloy in accordance with
@ ai‘m.6 wherein said anorphous netal alloy is at 60 |east 50 percent
gnor phous. 9. The anorphous netal alloy in accordance with Caim6 wherein

4ai d anor phous netal alloy-is at R anor phous. 10. The
dnor phous netal alloy in accordancﬁmqgaglgﬁnﬂ{ wherei n said anorphous
etal ™Ml | oyPhﬁnﬁagphﬁast 100 percent anorphous. 65 7 EP 0 209 341 B1
tent ansprtiche "1. “Anor phe Metal | egi erung der For mel s

. M. wor i n MAsarpie| Matgliegioruag der fersigbwi hit aus der Gruppe von B, C, 3 "N,
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|m Bereich von etwa 0,04 bis etwa O, 16 Tlegt der Teil von x, bedingt
rch C, i m Bemetig M miades@hs'dveEIéhients ist, atibguvahlt 463 dbrl Graxgple voruB/@, BléN; S,TSbi und Weund,
pdi ngt  &éir ch PIOHNderS'e"Qb\mheﬂlmduerli Beﬁete@hvvoﬂwet)%b-é)emoﬂﬁgemwa 0, 30

o R e T R i

d/ oder C hat qagiaét wem;a IleRiTMINiccBeYbut@gvaR endfadend hatl «mdBeshahfdare
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mw Bedeu
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ement e M .ﬁr& m;ﬁale c?lr 6ﬂ%frm§tlo er %e%ﬂmom f§l§t vz_firln
r phe Met %Inasg:e%s et A ot/ M wHA B dor\GPlgp v @J e o

a~t, eriin eMer MbAydedé K6l fer @is Ddér| gRERA OI5(x) Giid nuasugugmm Iot1oaaus,od|emde65rsuppe von

%, A und Ggre &md\owoe iMetdlikgiérungdeach Ieegzrmhuﬁw W08 diej am%mhceMetqu‘g@ng thindestens 50
4 | 6B
B0 ST Ao pi pitane bupdila i Meftisn S8 Blnelor bl ARG o0

ich Anspr UCProih,ntermlsdl e anor phe Metall egi erung m ndestens 80 Prozent
Jpor ph i st. 10. Anorphe Metal | egi erung nach Anspruch 6, worin die
\_phe Met aFf"é@‘f'@F'&’l‘fg m ndestens 100 Prozent anorph ist. Revendications 45

Al liagg met af hinggsmliRyul BRodhe béa fdrhbisd €1 - O, _XA.

cri-x

caractérisé par le fait gue M est un éiément choisi parmi le groupe constitué de B, C, P, N, S, Sb et As; et
50 si M est B, x vaut d'environ 0,04 & environ 0,16;
si M est C, x vaut d’environ 0,04 4 environ 0,20; et
si M est P, N, S, Sb et As, x vaut d’egviron 0,04 3 environ 0,30.
_ 2. Alliage métallique amorphe selon {a revendication 1, caractérisé par le fait que ledit atliage inclut un
élément M’ ol M’ est au moins un élément choisi parmi le groupe constitué de Si, Al et Ge, et ol M’ est
55 présent dans l'alliage dans une proportion inférieure ou égale 4 0,5(x), et non supérieure & 0,10.
3. Alliage métallique amorphe selon la revendication 1, caractérisé par le fait que ledit alliage
métallique amorphe est au moins amorphe & 50 pour cent.
4, Alliage métallique amorphe selon la revendication 1, caractérisé par le fait que ledit alliage
. métallique amorphe est au moins amorphe a 80 pour cent.
60 5. Alliage métallique amorphe selon la revendication 1, caractérisé par le fait que ledit alliage
métallique amorphe est amorphe & environ 100 pour cent.
6. Alliage métallique amorphe de la formule:

Cri—xMx

8 R O A
* c L L S *
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{resent in the alloy.in an anmount that is less than or equal to 0.5(x), and
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car-ogeri s6 par le fai.t quo Mest un 6l enent choisi parm |e group.
const®u6.de B,-C, P. N, S, Sb ét As; et 50 si Mest B, x vaut

d' enavifon 0,04 3 environ 0,16; si Mest C, x vaut d environ 0,04 A environ
0,20; Bt si Mest P. N, S, Sb et As, x vaut d' eviron 0,04 3 environ 0, 30.

2. A L! age netal li que anor phe sal on j hon 1, caracterise par le
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car ac§‘6r| sg par |a| ,tffﬁ d€ § J° , nldd;qeenamroghe oet au noins
armrpfle A 50 pourcommhquélx 'aragaa aaén rrdamsoanorp e selon |a
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