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resistance I g At frdnk) Most amorphous compositions in the literature that c!
compositions herein are conspicuous in the absence of iron, nickel and cobalt as is taught in the literature.

However, it is to be recognized that the presence of other elements as impurities in these amorphous metal
o/ 45 alloy compositions are not expected 10 significantly impair the ability of the alloy to resist corrosion. Thus,
trace impurities such as O, Te, Si, Al, Ge, Sb, Sn and Ar are not expected to be seriously detrimental to the
preparation and performance of these materials.

To insure the desired corrosion resistance properties of these amorphous metal alloy compositions, it

is important to maintain the integrity of the amorphous state, and so it is not intended that these materials
s0 be exposed to an environment wherein the temperature of the alloy may reach or exceed its crystallization
temperature. : _

The substantially amorphous metal alloys taught herein may exist as powders, solids or thin films. The
alloys may exist separately or in conjunction with a substrate or other material. A coating of the amorphous
metal alloy may be provided onto a substrate to impart the necessary corrosion resistance to the substrate

s 55 material. Such a physical embodiment of the amorphous metal alloy may be useful as a coating on the
interior surface of a chemical reaction vessel, as a coating on structural metal exposed to sea water or other
strongly corrosive environments and as a coating on the surface of pipelines and pumps that transport

acidic and/or alkaline chemicals. Copending European Patent Application 86305012.6, entitled “Process for
cribes the formation of amorphous alloys

the Production of Multi-Metallic Amorphous Alloy Coatings’’ des
so such as those taught herein as coatings by means of chemical v
alloy, because of its inherent hardness,

a substrate for applications in harsh environments.
The compositions taught herein can be prepared by any of the standard techniques for the synthesis of

amorphous metal alloy materials. Thus,
65 chemical reduction, thermal decomposition,

apor deposition. The amorphous metal
may also be fabricated into any shape, and used freestanding or on

physical and chemical methods such as electron beam deposition,
ion cluster deposition, ion plating, liquid quenching, RF and
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freest andi angl 1000 Angstorsiies miritee f or appl i cations in harsh environnents. The
conposi t,j ons Tth% esiie Petepted were Biebigsted smenepr Biprenfyhedpliowing conditions: d

t echni ques for §|1 ux?f anor phous netal alloy materials. Thus, :
physi cal and ._cgg,m; Atedlt NOds such as el'ectron beam deposition, 65 chem cal
reduction, thecomentehe@Fposition, ion cluster deposition, i on pI ating, _
liquid c;uench-rﬂlj{HNQF and 3 EP O 210 779 Bl DC sputtering may be utilized
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corrosion resistance of the conp05|t|ons t aught herein. is to be
understood that' these exanples are utilized for |IIustrat|ve pur poses only,
and are “fot intended, in 5 any way, to be limtative of the present
I nvention. Exanples The foll om ng exanpl es contrast known corrosion
resistant materials with several representative corrosion resistant
annrphous metal alloys in accordance with the present invention. 10 The
es “escri bed and evaluated bel ow were prepared by either RF sputtering
en1ca| vapor deposition. Sanples prepared by RF sputtering were forned
|n the foll owi ng manner: A 2" research S-gun manufactured by Sputtered
Films, Inc. was enployed. As is- known, DC sputtering can al so be enployed
to achleve simlar results. For each sanple a gl ass substrate was
positioned to receive the dep05|t|on of the 15 sputtered annrphous netal
all oy. The distance between the target and the substrate in each instance
was about 10 cm The thicknesses. of the filnms were nmeasured by a quartz
crystal sonitor located |l ext to the deposition sight. The. average film
t hi ckness was about 1000 Angstrons. Confirmation of filmthickness was.done
with a Dektak Il, a trade nanme of the Sl oan Conpany. Sanples prepared by
chem cal vapor depoSition were formed in accordance with the teaching of
co- 20 pendi ng European Patent Application 86305012.6. A glass substrate
was nounted on a heated copper block enclosed within a vacuum chanber.
M xtures of precursor conpounds, both netal -containing and non- netal
bearing, were introduced into the chanber and volatilized. The pressure in
the chanfjer was nmintained at about 2 torr. The conpounds contacted the
substrate, which was nmaintained at a tenperature above the deconposition
tenperatures of the precursor conpounds, whereupon an 25 anorphous fil m-was
deposited on the substrate. Controlling the relative anounts of precursor
conpounds
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below in Table 1. A dashed line in the Table indicates that a test

was mot perfornmed. 40. 45 50 55 60 65 4 EP 0210779 Bl [err] EP
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not require the use of precious or sem-precious netals, and so are
economically feasible for a wide range of practical appI i cations. Cains 30
1. An anorphous netal alloy of the fornmula [err] 35 wherein Mis at |east ~~
one netal selected fromthe group consisting of Mo, W Nb and Ta; R is at

| east one el enent selected fromthe group consisting of N, P. As, S and Se;

and 40 wherein a ranges from about gr é er than 0.4 to about 0.6; b ranges
from about 0.15 to about |ess than 0. 4% m zero to about 0.16; d
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The anor phous ea¢ Samp!:?@wr?fa%@&fd&n erd %thmElo-aPm@vwnéf hetanrosign rasesatﬁ)eﬁte examples

0.50; b "C gefisig ranged gy abgut-fPS to ghput 800 Affer tg g HCL, the
about 0. ;gnggjagﬁy?r d ‘P% F ﬂf" 8%0 z‘\l s‘%l'ﬂgs eft

ave a coéros:on rat, 8 were tested
,es oy 1 HraCcor e
with Caiml wher @émpsiéd S-gvBiiReditso dueyhrbra.ua{aubea.s&cc&earnew&mts dHIREPEOBUESIn 6.5N
5. The anor phoulsCln‘@B‘El refiix| exhibited @Uosordatas of only bet@keni abodt 0@ arel abogtdi047 mmiyr.
anmor phous net al ‘1"? ev.abeeqm tapght tin Fgﬂ?cﬁ:rs" werg abbg 'Gme'se‘EF‘ ep (50
Bl As a control §% i9 AR unger RisSoRqiing, e Mg about

liigliinn
about- 8 secofds’ as aﬁpu GJQIUE %’Ec&rh@osﬁﬁmuﬁht\’l@?elﬂ kiddsYorkiad By BeKkntiéhl Gapor deposition
stirred bath of process\ Fi@ compositin) @t Mb.oh0was [imiielsed\f ib etonténitrsteld r hy@ifochloric acid and

i mrEdsi on in choncea'tre'eﬁ rhmrpfdmﬂﬁ atid felf aeqslp %X'Pwat"e Iegﬂh 191\3'70“m?ﬂ5/ Noyggtyosion of the vapor-
cal ctat ed for :teemon% L & CO rTOSIion I %S fcom oszns JI;I:F rs?%ﬂ%rein of
in concentr af"ed,hpy ,rnglg?@, Begacid tor '5“5?3 f° r"e'r°| 035 a5 CCOTTOSIon rate

under these condi tthedisis £B°en &hﬁﬁé co'iﬁﬁgtlmuyé’ccmcahﬁlemv &dchuﬁ%ﬂfé’lﬂ eRfibiexdellent corrosion
eval uat ed anor piesjstance ty apivenwiainaiehts. Tie totith mlndqompssuldnabreamrmms rhesal glirtys also indicates

herein. These s F‘E‘é"‘ﬁﬁhaé'" @rap "'e‘ia?rﬂ i ‘VEF sceheyid bp gHite useful in
rates of thott P Lk sk c,,ur’af? e ?ﬁ’}%«“ B e
to about 800 f)bli'acné ;ﬁ:ilcattl ng BT

Exanple 3 was found to have a corrosion rate of about 800 mﬂyr The '

sanples were te@eimd to for 7.5, 0.75 and 2 hours, respectively. Exanples
5-9 eval uat e® anor,pphous cpr omeqfla, a'%xﬁé',etfg” Jfccor dance with this disclosure.

that, in 6.5N HC , "e?'Pj"" d“Corrosion rates of only between

about 0.010 and about O. 077 mﬂyr Addi ti onedmys.ckRhe conpositions taught .in
Exanpl es 5-9 were also inmersed in concentrated (50 percent) hydrofluoric
acid. The coepso¥regtinrates of these %}erlals under this condition range

from about 15 0.0 ,"Zg: "?m vp‘,ﬁ?'ﬁd rpip the group

R is at least one element selected from the group
consisting of N, P, As, S and Se; and
Ny 40 wherein
w a ranges from about greater than 0.4 to about 0.6;
= b ranges from about 0.15 to about less than 0.4;
¢ ranges from zero to about 0.16;
d ranges from zero to about 0.2; and
45 e ranges from zero to about 0.3;
with the proviso that the sum of {c + d + e) ranges from about 0.04 to about 0. 35
2. The amaorphous metal alloy in accordance with Claim 1 wherein:
a ranges from about 0.45 to about 0.55;
b ranges from about 0.20 to about 0.35; and
50 {c + d + e) ranges from about 0.15 to about 0.25. '
3. The amorphous metal alloy in accordance with Claim 1 wherein:
a is about 0.50;
b ranges from about 0.25 to about 0.30; and
{c + d + e) ranges from about 0.20 to about 0.25.
55 4. The amorphous metal alloy in accordance with Claim 1 wherein said amorphous alloy is at least 80
percent amorphous.
5. The amorphous metal alloy in accordance with Claim 1 wherein said amorphous metal alloy is about
160 percent amorphous.
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Exanpl e 10 eval uat ed a conposition, taught herer n that was forrred by a
chem cal w~vapor- deposrtron process. This conposition, [err] was inmrersed i
concentr at ed hydrochl oric acid and concentrated hydrofluoric acid, for
about 24 hours in each environnefP OB18d788%n of the vapor- deposited
fil mwas det dsbedntroR@n RF spifieesdph@mibn filin, Beafpnst, wak en&rh&dlfmdbeasaeac&\a; siei on -
r esi stigncenhigh tim rftp!edmtqa#"sewesreeﬂ ihe stirrad bath of BiEN H@ermtan ut‘m‘l(jsAftet is .
seen t hat w 8" §{§th sf;m &Eﬂ“‘dﬁﬁg‘@’ﬂﬂ‘?‘ﬂyf‘@ Sg

Yy _immers in_concentrate r|c I'éif pfl’lj]og a
excel | et &%Jr&ﬁ!a@. inbdF Hesd o Q,fardu 568 Sorved
conposi tions Eﬁn@learmmpéi@umedreha}ph s dhptﬁne&h&ﬂloid%hﬁ&i‘tﬁﬁs ttlhataretr’fbehdught herein.
mechani cal secsp@pfes weye §rsél4.r Etadol ane CrgoMuiaia, resmactivelp. Tt\he:rmxmp@ses b thess exslnples d

st ;ﬁcgg?,;o o agfg%ﬁ%%?@ﬁ%ﬂ%}‘é%@rgﬁfm bt =i rre e

use of preci eimphs m@d&feﬁﬁh@%od}RE dfum FHBEk if Secardbhce AN KsAbsuYe thitAn BB €
for a w deHalLange raiux, exisibiter @rrosp Patestd bhip bétwedd abbiT®.03@ant. abdut o@DMpveUs net al

alloy of t he Aﬂ@?‘mll\at ecqompggtions dqughtrin \Bxamplest 5+ were alsadmmersed '"s@h@@t’@eﬂ f5Pom

t he grou %;he\ﬁr"mnaﬁas of ghesgmaterials undarthis cppitiog|rarga fipm about

sel ected fT O &Jﬂﬁll)élﬂgl tmgh{\{weréD in théﬁﬂas%ﬁ@g b@? che.'?rf“t.ql éLQoMﬂ 6sﬁioﬂ a

ranges f I’Qﬁ‘bo%EHJUIhlsg rc@a;scemmt NOdLMdyfi,o) QvadDitiMerddd Oin Eonkahiaged HydRBAGROddid Chnd S

t o about I@aqentrémhh\@lmluom areahgasbéut(ﬂm hoensdn teax:hadwmnn{éntlﬁlp cdrwsmngqfshé vapor-

zero to atﬁ?ﬁ?"e‘”{_‘ e ranges fromzero to abo 3 ﬁn q\the

provi s0%% hay FARD EimIbE T‘E‘s"w[atﬂt @ inge ?ﬁﬁ%’é‘?‘%r’ﬁfﬂaﬁﬁoﬁpﬁpﬁﬂws b1y

2. The anorp ﬁ\lést liB%B at@l:elcg 6sﬂroﬂ§|ﬁ QcHRABE with thE teatiirigRerbintRINbitdxBellom cél?d%ﬁﬂs

f r 0 nQ/about reSistahne tchrabmfIbmﬁe ThdTadt A& cdnipdsitichis @tétamidrpRBustniets bitoy$ aléh indicateand
c -thyt thelre)‘ewangeswﬁmmaedmmwe& High, aod amtbaporﬁpdéﬁonsashoq'ﬂée awiteryshlfolin

t al P4 virgums .b th\m e{s neg d Ina mq?s |%_rha g
ma a a le}?gr:ga :ﬁ?epl;iﬁ&ﬁ rec&ugar se@hﬂe?%us r\éﬁ\?ang)so Frg ﬁ onomﬂfq feas r adw d'a S
about 0.25. 55

"‘r’ﬁ

from about S e

e anor phous netal alloy in accordance WI t h Caim1l
wher ei n saldimanor phous alloy is at.least 80 percent amorphous. 5. The
anor phoés netal all Or?’ I n accordance with Caim1 wherein said anmorphous
metal alloy i< AR IHHEPA e eRBMhous. 60 65 6 EP 0210779 Bl
Pat ent anspruche 1. Anorphe Metall egi ecuics e/ Formel 5

Cr. MoBCCdR. 4, worin M m ndestens ein Met all ist, ausgewahit aus der G uppe
von 35~ wherem
M is at least one metal selected from the group
consisting of Mo, W, Nb and Ta;
R is at least one element selected from the group
consisting of N, P, As, S and Se; and
40 wherein
a ranges from about greater than 0.4 to about 0.6;
b ranges from about 0.15 to about less than 0.4;
¢ ranges from zero to about 0.16;
: d ranges from zero to about 0.2; and
\ 4 e ranges from zero to about 0.3;
with the proviso that the sum of (c + d + e) ranges from about 0.04 to about 0.35.
2. The amorphous metal alloy in accordance with Claim 1 wherein:
a ranges from about 0.45 to about 0.55;
b ranges from about 0.20 to about 0.35; and
50 (c + d + e) ranges from about 0.15 to about 0.25.
3. The amorphous metal alloy in accordance with Claim 1 wherein:
a is about 0.50;
b ranges from about 0.25 to about 0.30, and
{c + d + e) ranges from about 0.20 to about 0.25.
55 4. The amorphous metal alloy in accordance with Claim 1 wherein said amorphous alloy is at least 80
percent amorphous.
5. The amorphous metal alloy in accordance with Claim 1 wherem said amorphous metal alloy is about
160 percent amorphous.
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No und Ta; 10° R m ndestens ein Element ist, ausgewahlt aus der
@ von N, P. As,. S und Se; und worin a i mBereich von etwa groBer als
0,4 bigs etwa O, ‘6 Ilegt b imBereich von etwa 0,15 bis etwa weniger als 0,4
c imBereich von Null bis et BP @ 2807781 15 d i m Bereich von

- Bi s et wapdendadspragle; und e i m Bereich von Null bis etwa 0,3 liegt; mt
der I\/Hggabs daB die Summe von (¢ + d + e) imBereich von etwa 0,04 bis
etwa 0, 35 |i egt .1- 2mophg,Mefpllegiomng derdigtimeal ung nach Anspruch 1, worin a im
Bereich vory etwa 0,45 bis etwa 0, 55 IlegtchZQ g, Db imBereich von etwa
0,20 bis etwa 0,35 liegt; und (c +d + )" B8 i ch von etwa 0,15 bis etwa
0,25 |iegt., 3worror phe Metal | egi erung nach Anspruch 1, worin a etwa 0,50
ist; b imBerei gqm’\gy@?ﬁt%m h@tﬂﬁstlﬁusgewmaat@d@(ﬁrhpmgmn und 25 (c +d + e)

i m Bereich von 0, 25 talle rung
nach Anspr ae Nwdrin %?er?%"a‘ e'%%ﬁ'?m al\'/ﬁeg?'f' ad?@?'ﬁﬁﬂ’p&vﬁ'ﬂggf éﬁwg sﬁ'qbséent
am)rph i st. 5. Ammmhwmahkgguarwmm&aﬁaﬁuch 1, worin die am)rphe
Met al;l egi erung dtinvBefe@d velr etwve 0115 bisBwaleniger.alsI4 fidgwyendi cations 1. Alliage
met aI]I i que anor W@BG@'OMWTM'WH fwg 0,16 liegt;

Cr. I\/I?B CdR’5 oCi Mﬁg:‘gﬁw h'$ gm ﬁ'éﬂ'?qt' ¥oi si parni |e groups constitue de"
Mo, et e 4 SRl (EWRIY. eGIAGoftlch 03 otk 084 GbDs 000 Tdch ! L
de N P As etA.ﬁsrpheeMetaug»é&ng naoaAViqwchd wond ron plus de 0,4 3 environ

0,6;{b vaut d eﬁvmrﬁewwbvmﬁema@ﬂi/blsewaﬁﬁﬁhsgt.de 0 4; c vaut de zero A environ
0,16} d vadl de bjimBsrejehy EHZQ)"'” 38 liogtiftdde zero A environs0,3; 45 en
stipll ant quo Ié %ﬁ |ero g{é‘fm r%ﬁ ‘ron 0,04 3 environ 0, 35.

2. Aul age nmet alaemoag{prp e con orm; 3 1la revend| cation 1, dans lequel: a
vaut] d' envi ron OAd Bareith ¥6n etlya 0,28 bis etwa 030 liegy; Wwhd20 A environ 0,35 et. (¢ + d +
e) Jaut d' @hvirdnmtd, ﬂ!?"ABefGEBVOFSQ)WNZQ%b'SMPé‘ Hegket al I| tﬁ anor p he conforme
A1 d revendicgy 49 mrphe gﬁ? eiRTVNg| nact, Agsprch Jr, WRFiR, diecrmggph Vﬂ'ﬁ?‘ed"%ﬁ\ﬂdfﬁﬂ's 80
0,23 A environ %g: orpﬁ'l Meﬁlle'biefbn'g" nfioh AtRbtuct, WYk '&QQn‘Qrp%Q M%taﬂeg{\’éung"etwab‘lldd FRGkent
nmst g dit alllage
nmet gl | i que s85_anor phe est amorphe a au noins 80 pour-cent. 5. Alliage

I'1'i que anamgpeisconforns a la revendi cation 1, dans |eque
|

mbt al | i que anBavprdicaionstf orm A |a revendication 1, dans |equel ledit alli age
|

met gl 1 que anor RNGyLE metiiRLP fforphe™dd s fofud 00 pour-cent. 60 65
. 35 Cr,M,B.C.R,

ot M est au moins un métal choisi parmi le groupe constitué de Mo, W, Nb et Ta;
R est au moins un élément choisi par un groupe constitué de N, P, As, S et Se; et

ol : .

40 a vaut d'environ plus de 0,4 a environ 0,6;
b vaut d'environ 0,15 a environ moins de 0,4;
¢ vaut de zéro a environ 0,16;
. d vaut de zéro a environ 0,2; et
e vaut de zéro a environ 0,3;
kr 45 en stipulant que la somme de (¢ + d + e} vaut d’environ 0,04 & environ 0,35.

2. Alliage métallique amorphe conforme a la revendication 1, dans leque!:

a vaut d’environ 0,45 & 0,55;

b vaut d’environ 0,20 & environ 0,35 et

(c + d + e) vaut d’environ 0,15 3 0,25.
50 3. Alliage métallique amorphe conforme a la revendication 1, dans lequel:

a vaut environ 0,50;

b vaut d’environ 0,25 a environ 0, 30 et

{c + d + e) vaut d’environ 0,20 3 0.25.

4. Alliage métallique amorphe conforme 2 la revendication -1, dans lequel ledit alliage métallique
l 55 amorphe est amorphe & au moins 80 pour-cent.

5. Alliage métallique amorphe conforme 3 la revendication 1, dans lequel ledit alliage métallique
amorphe est amorphe a environ 100 pour-cent.
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