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In electrolytic cells for the production of hydrogen and oxygen, such as those
of the bipolar and unipolar type, an aqueous caustic solution is electrolyzed to
produce oxygen at the anode and hydrogen at the cathode with the overall reaction
being the decomposition of water to yield hydrogen and oxygen. The products of
25 the electrolysis are maintained separate by use of a membrane/separator. Use of
amorphous metals/metallic glasses and nanocrystalline materials, as electrocatalysts
for the hydrogen and oxygen evolution reaction are known. The terms "amorphous
metal" or "metallic glass" are well understood in the art and define a material which
contains no long range structural order but can contain short range structure and
30 chemical ordering. Henceforth, in this specification and claims both terms will be
used as being synonymous and are interchangeable. The term "nanocrystalline”
refers to a material that possesses a crystallite grain size of the order of a few
nanometers; i.e. the crystalline components have a grain size of less than about 10
nanometers. Further, the term "metallic glass" embraces such nanocrystalline

35 materials in this specification and claims.

In an electrolysis application, not all of the voltage that is passed through the cell
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characteristics of a low voltage high current cell behaviour
corresponding to the evolution of hydrogen or oxygen while

being electrochemically stable in the alkaline solution.

United States Patent No 5,429,725, issued July 04, 1995 to
Thorpe, S.J. and Kirk, D.W. describes the improved



4. Alenu, H and Juttner, K., "Characterization of the El ectroca~g thZh?
Properties of Anor phous I\/bt als for Oxygen and Hydrogen Evol uti onn @U 0

| npedance Measurenents") Eiectrochim Acta., 33, p. 1101-1109, (1988). 25
5. Huot, J.-Y., Trudeau, M, Bnssard, by and Schultz, R "Electrochem c: al
and El ectrocatal ytic Behavi our of an Iron Base Anorphous Alloy in Al kaline

Sol uti on @Iecﬁ@@calﬂlvﬁ@(ﬁe&&@h@ﬂi‘r oPallokdOmatde B2doA BthartdA8Df tRe Vracar,
Lj., and Conwa ngerature Dependence I El ectrocatal ytic

Behavi our TP séféeet&é\s[@ FRENSPLiA Nethesemesadlicaglagat hodi ¢ Hydr ogen 30
Evolution in Water Electrolysis”, Int. J. Hydrogen Energy, 15, p. 701-713 (

1990). 7. Wlde, B.E, Manohar, M, Chattoraj, L, Degle, RB. and Hays,
A K, "ThEEO26016f disuiedeusa NhokebgPhesphordustil |byadiageribnothe

Absonati on_of og into Steel I 0 ct rochem stry
and 38 canmiyu obE ek s retidiug NICEE BT, obaR Meifhighy

Hashi mot oqnd @ 1dﬁJﬁ\ll?Oﬂ%nV\@n@1@ﬂ1QﬁﬁnB§T|m@0ﬂ®é25$ dompiisld wahnm cal
Soci ety, Penni ngt on, gQ 307 (i988 . Divi sek, g: hm tz, H and

Bal e, " NANgn#nMEE ciab] frgBags Sy weﬁt%t%aés!s Syut%&a:lm forheazinghem , 19,
p. S19-S3 , I r n-.$i Al atlon of
Ni ckel 9 odesﬁga %@gl H%Qk}é ybdtgltuelwc}gr :%rggégak% |\thV\£ﬁser‘§1I§q{§(1:t t’BtS:S)%SI s at
Const ant Giilon'esnt 10 1. Appl. Electrochem, 20) p. 281, (1990). 10. Huot,
J.-Y. and Brossar d, "1n-situ Activation of Nickel Cathodes duri ng Al kal i ne
Water Electrolysis by Dissolved Iron and Mol ybdenum Speci es”, J. Appl.

El ectrochém)wea’r]s,r pth&O8, is( 1991) a ineedRajfor LAighad b’ashanlch cun‘ream5| tion
1 detal - sed Hydrog El e&t rodgs 1| n ,ftl {(Eil i tl'le Sol ut i Oﬂ E cat al ysi s
on Ni ckel Bé’ééﬁeﬁal RRIYDRRE tlﬂﬁ’sﬁ‘r) ftel FIOPGEr Sgeh™En O p. 32,
(1990) . 120 ndaksinG olﬁhwg%@& whth @ NRostbataMing’ Etl@ﬁisr%@t alytic
In-situ Activati on of bI e tals for Hydrogen Evol uti on i n ~gen ~'.n~
Press S~TaRcowdriglygl 1t ameed KioTalemanted E@per%@garﬁﬁﬁ@ﬁé@é 26 NY, p.
461, ( 1980cerblal 2130 BhEEGH] (P{%r islibRvRALEPRIEABIPYsde an i mproved

el ectrode having an electroc em I ca y active surface that can be used
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is a further object of the present invention to provide an inproved 30
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el ectrode fabrication are mnim zed in conparison to conventional el ectrode
materials. It is a further object to3 provide an el ectrode which can be
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Preferred materials according to the invention have the noni nal
conpositions selected from N ; 0Co~5Cr 5B~0, Ni SOCo~5V5B~0 and Ni ~; CB,“;J&N;ZUUZ
~TSB, o UN 202 WD 011 31085 PCT/ CA00/ 01251 6 S Thg-aék f the
presentwprqg'éﬁ’f; on are readily made into self supporting stru%@é?zesg. In a
further aspect, the invention provides an electrode of use in an

el ectrochem cal cell conprising a netallic glass consisting of a materi al
as herei nabove defined. The el ectrode may act as an anode, cathode or both

as sa 10 wor ki ngElehiRphdnagss Sociis PeRifgtbRh 2801305 PRghjIvent i on may constitute a
full electrode or a surface coating on a substrat'e such as a netal or other

el ectrical$y cdryiselilseSehmi@, Hamnd Balej “PNitantl Mo Hegatingspasc Hydrbges i nvent i on
provi des an i ” e [ ical production of oxygen
and hydrogen m%@% g{]&g’gggl SO u%‘?b%fkﬁﬁgnﬁﬁg‘iggg'ct rochem cal cell, said
process co¥pri siway, d+¥candoBpssang Ls allatsitugActivatiors of didkeh Cathbdes edyect r odes,

sai d inprovene iﬁgm{l i one of.,said.el.ectro copprising a
metallic gl assrgcoonm S %‘ﬁ&%%‘é‘@ﬁt@@%%@‘%ﬁ?‘@? gﬁ’%ﬁmﬂgﬁ’gf‘ﬂfabove defi ned.
| nik he el ect r ol lyippl. Bleohchém 020, pf280x419%M). and hydr ogen, the aqueous sol ution

20 i s al kal i ne._.Sur prg,Si , the nmeta]lic.glasses according . to the

i nvention m) no@“%?férmg%%% Izt ‘%ﬁ“"@tf"gn‘g\nﬁlc ok Fheitige and retain
el ectrol ytic acAikuiiteyWntetRlectoBiie b¢ Diaadéd Iréiihd Molytienun Bpttiest® have found
that the presence of elenent.  "A" 1n the alloys of the invention, while

ment
provi di ng the uhBlpdereaieminiing- 20841998} ei ndescri bed, 2S surprisingly, does
not result i n digsohubdOPaRf KiheTRhaHG Metafbastd &roéénkﬂlltéﬂ%?&eﬁem rolysis
conditions. Thus, the invention provides a netallic glass anor phous net al
el &trode mat erAlalinefoleioacElegoneaysen Nicke bawse Binsrohilaydebatisest.api d
solidification (}) i r t is either anorphous or
nanocrystalli nel,wt'(Ji P?&%%gtligl %g’(\é{ Eie’?lp%ﬂm pal 30 alloying elenents as Ni
and Co, (iil2) chisiai MMy, dblaosennd.adud tRigivs MucTElero@talytle, Infsitn Mh, Fe and

the like in the o »Gopbi N i N and Co,
represent 0.75 f‘%gg%ggy%yhy%@%%;cﬂy@oﬁgp?\é%mgog ?rhgg%?g%#mﬁd (1v)
cont ai ni ng et aPiogieds ¥MEBNt ¥Yeaiopiprand K. pFakblssidbEgs., Hergamen direspor e of t he
el ggents C, B, ﬁl\, anﬂ;lP(lg%Ot)her singly or in conbination to represent Q1S
t0“0.2S atonic fraftioh of “the 35 all oy. The el ectrodes have excell ent
thermal stability, inproved stability in an

- SIIMMARY OF THE INVENTTON

It is an object of this invention to provide an improved electrode having an
25 electrochemically active surface that can be used for the electrolysis of water.

It is a further object of this invention to provide an improved electrode that is
chemically stable in an alkaline environment for both static and dynamic cycling
operations of the cell.

It is a further object of the present invention to provide an improved

30 electrode material that is sufficiently active so as to reduce either or both the anodic
overpotential for oxygen evolution or the cathodic overpotential for hydrogen
evolution.

It is a further object to provide an electrode that contains relatively
inexpensive elemental constituents compared to the platinum group metals.

35 It is a further object to provide an electrode whose total processing
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provi de inproved current efficiency - anodic or catholic overpotentFal !
performance. They are of use in the electrolysis of aqueous electrol yte
solutions such as m xtures of caustic KOH, NaCOH) and water in the
production of oxygen and hydrogen. The el ectrodes are conprised of | ow cost
transiti0pyEhElsnd heeREBARALLONNAD b titotR! #hbpicd Rl TRA! ibfmipeal {1 C
ratios to rmt the alloy ‘conposition to be solidified into an anorphous
state. They mn@anmd@edowﬁnémn@lrclaﬂte@.dﬁe@aveaaémodu c or catholic
overpotential performance and offer inproved stability in both static and
cyclic exposures) They can be used in concentrated al kaline sol utions and
at el evat &d isermeih&ttheesofu?ectnmoyﬁdvﬁlaecam oelecneotier malvzh Jdve bkect r odes
are of 15 use in.the rpectrol sis of al kaline GEIOHS resulting in the

product i 0 PEE2RGHr Hg &M HHE Dok HRE AU ¢ A0 2L G GRVIFORRERT 18nd al so
addi ti onal, Usggei BnRhackHOPRSfd Ahahke! saRld $heeboet Qt@ﬁ&%m'feqﬁ)ﬁ%ties' s or
envi ronnmental waste treatnent. Processing mnethodol ogy of rapid

sol i di fi caoi qmrQﬁlﬂ@f!s evblagr cbydrageant age ¥ Hgahr & tedusedpr eparthei on of
conventi onal e CL I 20 is a single step
process fr% nqlr:??ﬂ) égg%%]f%l %lfgﬂleescgfa[pglﬁ gg\/\g(lich can be fabricated in
t he form of rlbbons or wires for weaving |nto a mesh grld The process can
al so be used duce sheets owder s | akes, etc. which can rther be
consol i da?sé I;ﬂ%gi} de ere‘&“’%b(gn Prﬁéfﬁlgf‘ nHY. OBy ASRS&Fi dofC l@Sﬁ\?enti onal
el ectrode ﬂ@&rl&ﬁtmw _imveleceso ¢ herfit aHusEo ©¢k sefs, as bid Imter@rhdo las¢i re

dr awi ng and 25 anneal i ng operatlons) weavi ng to.forma wi ri: r|d

surface t COASAERRE Fdndeh QB PESTHEOH, BatRKd il @hdhe eancsd aﬁélné]rfla
activati OEo%ﬁBsmTéH' e 1 sumarizes the resul ts of prior art investigations
involving transition netal -nmetal |l oid gl asses. The performance of an

el ectrocatal yst in Table 1 has been sunmarized in terns of two principle
paranmeters: (i) the Tafel sIomQI1 é$ ) and,x(lz) the 30 logarithmof the
exchange current density) log'i E‘é’oéxC‘hang‘e current density is

equi val entwhexdihe reversi ble rate of a reaction at equilibriumat the
standard | f - t dox potentl al. The Tafef slope refers to the slope
of the Ii a Qe?ﬁff ﬁg VEHe B4 on bet ween overpotential and the rate of

a re?ctl omt ﬁ@fdterélm @aecmarﬁbterdﬁﬂatte/dvm@m tttfeterggeoﬁ %bsatsllsﬂﬁ%(r) bzyJa& a
sem | ogar| ver po curren ensi

2002 WO oﬂ%&o@r ﬁ%‘ﬂ?%}xbﬁl@mﬁ’eﬁg the gpepéndaf:."liagiq)npgamdqd tRi2ICo base
Amor phous , Makaks Jf J1 ER thAin% ifteseak Wh@Mthat A cannot be Fe or

Auwr phousSol ut 1 oal Tenper at ure-1| og
i 0Q-Ref er eeEl ect r ode( p~ cm~( nvV~decade) Ni soCoxsSi uBi 01M

(G805, 491, 145N saouSy 2B SN K= b1b1 HARPELr AL RrEdrBRINELL

KOH305. 41gtowp 61@15815&1 Y{SBMMd@-Bﬁ)& 412detalldiSurdlaaeet t &ﬂéledlﬂﬂ

KOH305. 1110 1731Ther 010 a )
oaadi zed5 5§RIPBS %7 3 %ﬁgggéﬁf%ﬁ 48 ﬁgfiéﬁfix erein
KOH305. 01§02§5%l€é&bﬂ7@érﬂ15588941 &M%wa: iceBlte lMis selected

KOH304. 61 42505b5119 05. 4%202905. 31282Ni ~0 i sleM

KOH304. 115652703b81cbY (8. $2 AdOmRINP S MBR hERR @%@5 tossedsgred fxomro4. 91732
904. 91672 b 589 R Ma tomic %ercent. )
KOH256. 0190430611022504. 31504504. 41442704. 91302753. 81254904. 41482Anodi cal | y
oxi di zed30% KOH70291305FeaaNi , aBzolM KOH303. 91742503. 8184

. 2704. 3239%89§ra%§§2N SR~ $8 Q0 PSR RIPLEARRRY from the group
consisting of Ti, V, Cr, Mn, Fe, Zt, Nb, Me, Tc, Hg, Ta, and W;
and wherein x is selected from about 1 to 20 atomic percent,

more preferably x is selected from about 1-5 atomic percent.
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011 31085 01251 10 Table 2: Pol arizati on Dat a of

Anor phous cmsanemgorof—lERllmOAl. kalhqs@}sbﬂuﬁt,l arnhiarh Imd)gehmcm Candl yst

addi ti ons Subst.ra e A anmel utio r i OB~R fer enr eof
Cat al yst MM %fh g— TH&L & S)'éﬂblgqr%gt ‘ZB%LP%I&Q pereen et
KOH703. 97 EeérsﬂﬂQI\E Bs Z%‘iﬁtﬂzmﬁ&mm ateef07. 6M

KOH703. 415110Fe3. 11S4Ni 28182Pt 3. 11 63 addition ~ 0. @4Substrate mld
steel 6. OM KOH80-11211Ni SO, addition - 80Naxl vl 00, addition = 20Substrate

mld steeh§ OMKOHO 114230 SO nddgh t%?é‘feta% Zh/bqn agdrichkQRan 2H§ubstrate
mld steel 6. OM KOH80- 2511N 50, additi WO, addition - 20Substrate

m7d st eel BLOONOEEEROIGEANG but semie degree %&@S@-morgemm 40shpshr at e

m-7d st eel 4 i O, addition - 20Substrate
ndd st eel é%mfﬁﬁ% %rrﬁcfgir% |b%ztgl§§%o§§, addition = 20Substrate

mld steel 6. OM KOH80- 15011Ni SO, addition - 80Cro3 addition' 20Substrate

Pt 5. OM KOH25-8012NMbt vbdat,e addi ti on JUN 200 01 131085 ..

PCTI CA00/ izﬂﬂill\@ Th‘én@F’é%tﬂinjesth&ésc’f}febecganFrf‘ b?’gfin}%&t éiserfl(}ﬁﬁi ous

conbi nat i GRSePhabbee represents a nominal composition and thus allows

of some degree of variance from the exact atomic ratios shown.

Preferred materials according to the invention have the nominal

compositions selected from Ni;uCo0,5CrsB,g,NigqCo,5VB,, and
1 T

Ni,;C0.;Ct;V:B,,.



transition nmetals in combination with (N, Co) but none of themi ncwgﬁﬂﬁz
element "A" in addition as descri bed above. The el ectrodes describ f 002

Tabl e 2 wighiNRg#ctivity fromthe presence of the dissol v%@d‘,ﬁ,rgﬁ el ement
ect

"A" as descri bed above when added to the solution phase of the e rolytic
cell, but not when incorporated 10 directly into the substrate material. 15
In order that the invention may be better understood, preferred enbodi nents
wi Il now be described by way of example only, with reference to the

acconpanyi ng dr ahe neys offthe @resent fivgntich 4ré réadiy ARERGS seliagpaamef an
apparatus for nmaking a netallic glass according to the invention; 20 Fig. 2
Is a sche ‘E,t“’a?'agrfam detailing the interior of the vacuum chanber of the
apparatus shownid i Kirler hspefti he fhvbfioR peviaResdt lekeréfePbeagNibhon of a
boron nitride ceramc cruci bl_e_ of use in the apparatus of Fig. 1, Fig. 4 is
a_schemat i Clgegiemiabrelh compatng snpisHllist slees Fonsisieg iof a matesighlasat i on of the
25 el ect I 0oRRa6ale Afthba:! 'The MRehrodk AR ik s Gh a0, BRAGH! @!RuPaegr ding Lo the
invention; Fig. 5is a diagrammati c representatibn o the apparatus of use
i n Wt ai ni nyorking clectorihe the mhteniaasithe meerttion map donstimteai fallekersdae numrer al

denotes |ik ts. DETAILED DESCRI ~1' | ON. OF THE RRED.30. Th |
ot nods. 1 or FRACHFKF AT TS0 A A T HE TSI oRbe eRUdYEi mg 1 0t he

i nventi on frdtbiiaed t hose described in aforesaid United States Patent No.

5,429,725. 35 F5,IhdFN T ar. Electrode netallic, glass materjals were
prepared as fol Ilﬁ\ﬂl:‘?)et rther Aspagiy %Jgﬁen%on provxadcs an | proveﬁ process fjor the

electrochemical production of oxygen and hydrogen from an aqueous solution in an

15 electrochemical cell, said process comprising electrolysing said aqueous solution
with electrodes, said improvement comprising one or more of said electrodes
comprising a metallic glass consisting essentially of a material as hereinabove
defined.

In the electrolytic production of oxygen and hydrogen, the aqueous solution

20 is alkaline.

Surprisingly, the metallic glasses according to the invention do not suffer
from the loss of element “A” during use and retain electrolytic activity under severe
conditions of use. Thus, we have found that the presence of element “A” in the
alloys of the invention, while providing the unexpected advantages hereindescribed,

25 surprisingly, does not result in dissolution of the element “A” under alkaline
electrolysis conditions.

Thus, the invention provides a metallic glass / amorphous metal electrode
material for electrochemical processes produced by rapid solidification (i) having a
structure that is either amorphous or nanocrystalline, (ii) containing the principal

30 alloying elements as Ni and Co, (iii) containing alloying additions such as Cr, V, Tj,
Mn, Fe and the like in the range of I to 20 at. %, and when combined with Ni and
Co, represent 0.75 to 0.85 of the atomic fraction of the alloy, and (iv) containing
metalloid elements comprised preferably of one or more of the elements C, B, Si and
P either singly or in combination to represent 0.15 to 0.25 atomic fraction of the

35 alloy. The electrodes have excellent thermal stability, improved stability in an



WO 011 31085 PCT/ CA00/ 01251 12 5 EXAMPLE 1 This Exanple illustrates the
preparation el ectrodes having a nomi nal conposition: N 50C025 Crs Bfd AN 2002

series qf sing trials were perforned to fabricate |1 oy 10
ri bbons%?gi’ﬁ'g’g%el t-spi nning techni que. The process was 3@‘%@3%?0 t wo
steps. The first step was ternmed "pre-nelting"” where a powder m xture of

pure materials, i.e., nickel, cobalt, chromum and boron, was charged onto
a water cool ed copper hearth, and netted via the use of vacuum arc nelting.

Thessecond SRR EnRLAR bbbkl Alidhof L HEURIP ot enabl ed

the pre-nelted and crushed button . remel ted and superheated to a
t enper at ur evempaiensipl pearmande (ibey are phse\m the glectndiysind aqueduselearalyteof  nol t en

rotal v LOGR0LON, LAY AuNIROH Nioh oI GuBeR 3 GoSili bt e on Lo the

peri pheral surface of a nessive cop otati speed.
Rapi d quenokygeganddoropérace on the col d surface of the wheel, and the

solidified deposit was,produced. i he formaof. thin ribbons. A concise
descri ption 20 ﬁae %{Vﬁ\%ro %‘%oaﬁ% cwnéf’dqﬁé O¥ et ta:ws:}ngn GletAnini comprations | | owi ng
suliect i onswithApgalicid dismeny® lil sfapifio etios: to Perdid CreTallobi dePasitided@Ld Bi i hi er,

Germany 3.3 x .10~= Pascal H gh Vacuum %anber | nduction Heater : TOCCOTRON
2EGL03. ThéCldified Boanamprphougstate. (fhsy QIise mproyedh prentt ilitiencss My 450 k1-1i

Pyroneter anddslel ca¥olic verpbidmian b&formAfk iahdl loffer fprovelsiabifity fiitdth |
illustrates the experinental apparatus consisting of a nmelt-spinner shown
general |y &@tiq sndgyelicnpeshEstic Theg isambsatisedhip qopeeptra ligesdvtidns gndas 12. The 30

mel t - Spi NNeY - |BSRANHMerahRe LM ORE cRetldd Be AU %‘nélfnrodés‘larigf”bbon

l
col | ector tu%e 1 b, and a cont r%ﬁie.r 18. "The vacuum chanber was
conlPect ed tuse artheclgurelysiglof abteline 2olutipratresltinglin g paedyotiongefhyfiogerpur gi ng t he
chanber 14 A .ceran. e C kRlg .2 1.9 in order to
eject a mla?@ﬁx%ﬁ?ﬁg{\é %%cgﬂp%lt%gtogﬂa%f’ {"ggdltisgsaﬁ%%as E%c%én ? %%Ongat ure of the
nmol t en nas dofellcelipielettionrgaaicamtiesis puaivitbem@®al wast8 beatesur ed by neans of an
optical pyronet ocat.ed above vacuum

chamber 14. | nd%%qc‘fgsgiﬂg h’tecgi%g?qg@'tn‘?qtrgqgyﬁ}rgtéd%%m%goﬁ%\gerﬁ%g}coﬁr‘?d?’WEﬁﬁﬁsti on heater
coi |l 28 (Fim@mpared to the preparation of conventional Raney Ni type electrodes. The process
20 is a single step process from liquid metal to finished catalyst, which can be
fabricated in the form of ribbons or wires for weaving into a mesh grid. The process
can also be used to produce sheets, powders, flakes, etc. which can further be
consolidated into a desired shape or patterned. By comparison, conventional
electrode fabrication involves the production of a billet or rod, wire drawing and
25 annealing operations, weaving to form a wire mesh grid, surface treatment, powder
deposition, powder consolidation and an activation step.
Table 1 summarizes the results of prior art investigations involving transition
metal-metalloid glasses. The performance of an electrocatalyst in Table 1 has been
summarized in terms of two principle parameters: (i) the Tafel slope, B, and (i1) the

30 logarithm of the exchange current density, log i,. The exchange current density is

equivalent to the reversible rate of a reaction at equilibrium at the standard half-cell
or ﬁ:dox potential. The Tafel slope refers to the slope of the line representing the
relation between overpotential and the rate of a reaction reflected as current density
where there exists linearity on a semilogarithmic plot of overpotential and current

35 density.



0 4 JUN 2002 WO 01131085 PCTI CA00/ 01251 13 5 2) in vacuum chanber 14, a
3-stage step-up transformer and a cl osed-1oop water recircul ator (hétJUN 2007
shown) i plied cooling water through the inductio i) i ng
heatingwaéﬁg?ﬁgyshoms t he arrangenment of a copper wheel gﬁﬁﬁgﬁm@##?n
diameter, 3.8 cmin width), ceramc crucible 22 induction coil 28 in high
vacuum chanber 14 and 10 ri bbon guide 32. A Prenelting The targeted

chem cal conpositions exenplified are gollectively expressed as

Ni SOGo~Cr SBzpubleBes: apifizatién BRTBOSI-Cb SR IAnANGEs Mietalst6r LR WAfk?l'r{cel atively
smal |, careful sanple preparation was required to ensure an e Fective
conpari son i$m4@ﬂ§ubsequent el ectrochem cal neaswenents. In order to

achi eve the targeted conpositions with high accuracy, pwe naterial powders

were utiliz To Tapricate| pre-neljted puttans 11151 agountarjc nel ting
fol lower! by mectBfPYS cr LsHIHY ndweErt)i defludi ng faculiRsfrmerct i on
mel ting. Infthe exemniifiel powderls each nildd CleaMf dagadrb om ¢ %
ni ckel ) 25 gt@msci®Co and| dQxah o ¢ %gof Borep. |20,5h8 ¢ g 5 atom c
% was made Yp with element A, in tihis sxanpl esghrjom wm | ernate
enbodi nent gf this inventipn, the |borof was| added in %he 1 an
internetal |l ijc conpound ti ke nickel borgde Whiég acte§fas a n%lt”ng poi nt
depressant angseoahled the|ywiebg powdel ntx?uggltotg&égt el jing at a
relatively ljowtenperatrure] ca 1035C 25 A patchrjof 2030y off t he powder
m xture was r:gﬁ@?gu‘nt 0 a (‘[;Héggz cruciol e (Lg)g ﬂ%%‘“mﬁ OID. [ 22.2 mm
hei ght = 130 ot ol dar-tr—drudb e has‘mednted in the
vacuum chanb réd ijn thaezdi nguctii onf coil. The
vacuum charmbf ‘ g t A arlgod®dRd evaduatled to ca. 5
X 10~ torr ([rmémifdreRa)andef 3Qondt er h@ powder ni xture was
mel ted at grpabddallytoRidiped 110 i e quiartz ccraeei bl e. Phe yeight § oss ratio
of material s| Y#F88tth pre-mgl ti ng was fgund toZpe |< 17%ei ght for fal !
const i t uent si—B—Melt—Sptii-Rg—35—Hhe—FetHt—psprhner—used—n +Ris—wor k was an
experi ment al | Skgedipmpdel 1M KOH 30 50 140 2
50 4.7 146 2
70 47 155 2
90 43 145 2
CozsNiicFesSinBus 1M KOH 30 46 174 2
50 55 19 2
70 54 120 2
90 53 128 2
NioMoaSisBs IMKOH 30 41 165 2
70 3.8 106 2
90 3.6 276 2
FexNimMozSh2Bs 1M KOH 30 5.0 123 2
50 48 150 2
70 49 173 2
%0 49 167 2
NizaSigBus 1M KOH 25 6.0 140 4
30 61 102 2
50 43 150 4
50 44 144 2
70 49 130 2
75 38 125 4
90 44 148 2
Anodically oxidized 30% KOH 70 2.9 130 5
FesNisoB2o IMKOH 30 3.9 174 2
50 3.8 184 . 2
70 43 230 2
% 3.0 188 2
NisssMo2asBio 0.5M 25 5.6 120 6
NaOH




0.4 JUN 2002 WO 01131085 PCT/ CA00101251 14 5 manufactured by Ednmund Bil hl er
GVBH capabl e of processing in batch node 5 100 gram sanpl es of all &yUN 200?
m xtures. The melt-spinner assenbly conprised a high va r, a
ribbon‘EBPFEH?%r tube, and a notor speed controller. Thg%#ggﬁgﬁﬁgﬁ heat er
unit was conprised of an induction heater coil in the vacuum chanber, a
3-stage step-up transforner, and a cl osed-1oop water recirculator, which 10
supplied cooling water through the ignduction coil during heating. The
vacuum ch €r_Was Connegtea tojan argonicyrrnger wnat popprTad gas for
purging tHe chtF=and prigddr i i c@®anilc clfuci b| BFicegrder to ej ect
a nolten Mass—at tiguid ! The temeratyre!dt/mPo mYidecadd hpss ofl 1iquid in

t he cer amiloughidcirblse was| ggasur ed bysnmeans ef an oppical pyrorfeter that was
attached tjo a quartz w npeaeHl5 ljocat ed above the vacuunj chanbgr One or two

pre-nelte g&Q&gﬂﬁﬁ%ere C ged|i ntq.the |BN, erlam ¢, crutible. }Boron nitride
has the agvantages of hig rdiess at ellevat ed teiiperajures gnd good

oxi dati on fesrstance [har enaptgd the mofften iquird-—to pe—supdr heated to
over 14000 ny chBYROR |y e on lwptHt tthe BPucible? ?? The crucibl e

was nount abowe the Culwheet iln the vaduuss chanber. The gharfber was
purged andf évacuated in {I a?nﬁ manner gs afl descri bgd durigng
prenel ting N..m’ﬂpf{‘ FreH-pe Euttqns) Pas—supet-haat-ed—-A—the—erdci bl e by the
i nduction Ewictneenti|l t he| IMHGE d {t enp®@r at Ur e4? eached a stablse maxi num
tenperature, which was dependent on the alloy conposition. The nolten mass
of 25 |i qukdow¥as elefteslysidliran Ak4ie edissure on to the wheel through a fine
slit nozzle (0.5 x 15 mm). Pl anar anorphous ri bbons were forned on the
surface of the wheel rotating counterclockw se and driven along the ribbon
guides to the collector tube. This particular formof nelt spinning is
referred to as the planar flow casting technique. Fromthe wheel rotation
speed, a quenching rate was estimated to be ca 30 106 C sec. One side of
the ri bbon was free fromcontact with the wheel and had a shiny appearance
(shiny side) conmpared with the dull appearance for the other side in
contact with the wheel (wheel side). To mnimze surface inperfections on
the dull side due to contact with the wheel) the peripheral surface of the
wheel was thoroughly polished with di anond paste and degreased with acetone
before each 35 run. Standard experinmental paraneters of the nelt-spinning
operation are




‘0 4 JUN 2001 WO Q1/31085 5 sumarized in Table 3. 15 Table 3: Summary
Operational Paraneters of Melt-Spinning PCTI CAO0101251 O ear ance. b@tlf\/\,&hWUUZ
t he bot edge of the cntible and the wheel surfac t of

i npi nge%ﬂ@ﬁ%egr ees countercl ockwi se fromthe top of tﬁ%’mﬁgﬁ% -nmel t
but t on wei ght 20- 50 gVacuum chanber pressure7 x 10'z Pa or | owerMlten

ej ection pressured40 kPa '|IWeel rotation speedl800-2900 rpnSuper heat

t emrper at ur ehi gher than 1100C 10 The1al |l oys of the invention so produced by
pl anar fl opaiasi PAl&iAREEDEE RING-C8 BaleOrhbphdiR NI /Y HEH thRlkafiyPes of

eval uation. The first evaluation relates to the actual conposition of the

al | oys producedSel¥igpayih HemespraopeGatalyit pddifiorel ting can produce substanti al
devi ati ons 15 between the nom nal and act ual corrp05| t| on of a given alloy.

The secondre»oﬁa-l-aaﬁ-eﬁ—he-l- - the—alteys—pr oduced as
the procesprif: %‘:@1 i ogsdructm;e t f®bterbrize prOF phOUS OF
nanocryst a i ne na% ¢ to the}el ectrode
ecessary|i1or_nygrogen

performancg, 1 n reI atron 2
product i on ?“53"!’“ %s- meft s diftiorf§ rellatéd tp the

el ectrolys|s of an ajtkal iine sol ugion. The| f gurtlh ewal uation refers to the
exam nati op of the SH‘rfade of the el ectrodespmtieri abs uged undgr both

constant pptential and cqgnditions of potenti al

Fe addition = 0.014

Substrate Co 7.6M KOH 70 3.4 151 10
Fe 31 154
Ni 28 182
Pt 31 163

Mo addution = 0.024

|_Fe addition = 0.024
Substrate mildsteel | 6.0M KOH 80 . 112 11
NiSO4 addition = 80

NaMoO4 addition = 20

Substrate  mild steel 6.0M KOH 80 - 112 11
NiSO« addition = 80
Na:MoQO4 addition = 20

Substrate  mild steel 6.0M KOH 80 - 25 11
NiSO+¢ addition = 80
Na:WOQy addition = 20

Substrate  mild steel 6.0M KOH 80 - 50 11
NiSOu addition = 80
ZnSO4 addition = 40

Substrate  mild steel 6.0M KOH 80 - 25 11
NiSO4 addition = 80
Fe5O4 addition = 20

Substrate  mild steel 6.0M KOH 80 - 112 11
NiSQ4 addition = 80
CaS04 addition = 20

Substrate  mild steel 6.0M KOH 80 - 150 11
NiSO4 addition = 80
CrOs addition = 20

Substrate Pt 50M KOH 25 - 80 12
Molybdate addition




cycling as described above. 25 The first test was performed in order _to
obtain reliab(~ information on the elenental conposition of the am)rg)ﬁoﬂiﬂ 2007
al | oys usi Q&él nductively coupl ed plasma spectroscopy (I1CP). At hou?h only a
very smaWPMB198ht |oss, less than 1 0 4 JUN 2002 WO 01FS§Tesgspoe

rcr~cAQO-ol ZSi 16 5 wei ght % was found during the prenelting operation, if
the I oss was due to a single corrponent i naccuracies in the targeted
conposi tions would result. Add|t| onal{y, there was concern about any

conpgsi tional Qu directiop of th nor phous

ri bbgn For t hi S%B%aeseggwcf %éil ‘Pn%rtl’g g@%’f ﬁé(?’é?i’ségmg ‘gﬁg tail were

t aken from eaadition théals uaﬂﬂntﬁlmblywkﬁl(NllCG?bmﬁmﬁe bﬁﬁéa:mmu@oﬁatmenﬁlzrnovi des a 10
quantitative, a,nal i.s of al st al | th a high level of

del ectabi it y* t%g'lt’gﬁﬁﬁldgifé totheve-e et Wiﬁﬁg"?&ﬁiﬂ B TPleé def¥s yzed be

di ssol ved |rhc@ﬁty&fﬁ¢€ﬂié§3r§s@dcb‘bfﬂx@ d&@&%d%&l@&ﬁl&@ﬁﬁme ak YedcRbéPshéced to the

i nductively coupled plasma .in the m of an aerosol. Each anorphous ri bbon

was di ssol vethep aerdds Meerturion %*H‘s‘h‘i’ﬁt‘h‘? %“’CS@WHC gl bitinplivkes infarperoled er and
hydraehl ori ciiRglydnlbheRBRaetgad A 15 designated nmatrix sol ution which
contained 4 weight %I1~103 and 4 weight % HCl . For experinental error

anal ysi s, sone standard sol utions were prepared with pure material powders.
The major el ements anakya : D ?ﬁ‘]ﬁﬁ‘ﬂ%&% Expect ed
concentrations of Ni, e standard and sanpl e sol utions
are surmarized in Table 4. 0 4 JUN 2002 WO 011 31085 PCTI CA00O/ 012SI 17 5

120162, Sy B SR LNl R AL GRRA

net al s10. 00 1@1110@%601&@#&81 Bynday of efBhple only, with reference to the accompanying

net al s100. OO&LOO 001(%0 QO#4Ni 54Co~Cr ~B20

cent er 53. 7245981 BEEEN SacozsCrt B2

tai | 54. 024. 8Hig0PQ alkbenatia Uiaghash. dT 26 afbhraflid GorQHakivicSh@at e SssQiccording

cent er 50. 624, 65..019. 9#8Ni SOCoz5Cr 5Bz0

tail 49. 924. 68 HF1IBVeRHER_ar d50. 025. 05. 020. 0#10Ni ~SCo~Cr 20BZ(85. 625. 1202 9. 1
#1 | cemt er 35. Fig5 ﬁszé)s@llﬁa&#dli agﬁﬁﬁmqﬂeﬁbr of the vacuum chamber of the

tail 35.025.020. 020. 0St a,ndar #13Ni sCouV5B2 cent er SO. 825. 34. 619. 3#14Ni Co V B
tail 5 250. 9@:‘5’“@&’5?]1%‘# f5}5~d~ ~50. 025. 05. 020. O# 16Standard B 1000l

0#17St andar dF@ZOQQ%é W PastagediaBHA Beroh Atk @ wdamit AAMNOI PR Th@e Second test
was perfornmed using technique of X-ray diffraction in order to confirm
t he degree o?pPE‘FS}‘éPQF‘Igl hity of the manufactured

Fig. 4 is a schematic diagram of a three component cell used in the evaluation of the

25 electrochemical activity and stability of the materials according to the invention;
Fig. 5 is a diagrammatic representation of the apparatus of use in obtaining

electrochemical measurements, and wherein the same numeral denotes like parts.

DETAILED DESCRIPTION OF THE PREFERRED
30 EMBODIMENTS OF THE INVENTION

The general methods for the preparation and testing of the materials
according to the invention followed those described in aforesaid United States
Patent No. 5,429,725.
35 EXPERIMENTAL

Electrode metallic glass materials were prepared as follows,



10 ribbons. For conparison, nmeasurenents were also carried out on
crystallized fragnents of the anorphous alloys as well as pure el emBrit 4N 2007
ni ckel , ve@bgddogs chrom um boron and the internetal lic ni ekelcAaonide. The
anor phous sanples were prepared by cutting ribbons into 4 nmx 10 rnm
rectangul ar pi eces. The sanples were then degreased with acetone, nethanol
and dei oni zed water in sequence. The 15 crystallized fragnents had the sane
bul k conposition as the correspondi nd2anor phous alloy and were primarily in
the ormof brittle plate-like poWﬂAWL:Ed avoi d preferential diffraction

due to the plat 1@3§ f nt s e 0 4 JUN 2002 wo
onpbss pcri cACO e{}ﬂé | st(’:rjs“f"éa?ﬁs é\gdpr r%ﬁg %%C%QP‘TS Bav\}%% APUUAY to forma
fine powdercdntpogitiomgat e nortar and di spersed on a slide glass before

measurenent. Diffraction patter né re asured on a Sienens D5000 X-ray
di f~' ractoneter using 50 kV Cu- ‘sc\r,@dj en with a N filter in the range

of 20 to 70 degr The data
was processed b R%“f?% Epr%‘fiis}%%éj\g@m ‘Elrﬁ%"?%g{ 3?(%&@*1 %I?ant er m ni ng
t hel@l ectr o:ibimm: bpltheomelt-pmreng fechiniquer Thyqu@rwes\mmdﬁdl mm t’w sthpt.er m nati on

of the Tafel, sko and exchange current density f I t e aIIo produced
above. Wor ki hrengc Pauisen P%' ‘g%rgjﬁrefar%)mdf%@' rphous al | oy

ri bbons of &a, nidk,50bait; ohromied amdéb&oa,mlaséhhm@edl&ndsrmwmr%di&mco ppére shiny side
of the ribb und O|IS ed, and degreased. The as ollshed ri bbon
was cut int 8“‘&%%“8%‘%&@&%’ apigrpyafe \9%2@6 sefrpd HERFMPXEEE was | oi ned
to an insul géedl ncaacm&%fardleaﬂmbﬁhﬁmhmmmﬁd &HeQe-meifdaQint SREKEdWIRS] toSi de, and
peri ghery of the polished side were thoroughly coated three tinmes at 24 hr

i ntérval s bye Afesiedand sperhsperkip 3 tegparaturs higherdhag; HE0Kolt the aquems e t her

al kal i ne or cR&htd}.C £ 9YdahO BN BBl m‘eﬁbﬁwwmeﬁ%“&emgﬁ lhGhin Sitbf @e area of
the fabricated el ectrodes was tégalcal 0.01 cnR. The electrolytic

cel | shown Feramicgruciblepmiorths pejip Awquaaf aa“‘ﬁ%‘t"éé‘éﬂ?ﬁ‘b‘&‘?féhféﬁﬂn%%‘rauct ure

consi sting @fghapaQ0 xmpl qfiee&.mgxoamﬁhcmqb(c o mﬂc@&ﬂ@%eyn Ah@Meal ning a
wor ki ng el ectrode 42 he ribbon of alloy of the invention, a Ir2" Teflon
t ube 44 housplilified %ﬁﬁ'it‘léqﬁ Repdugedrip dhe famn ofihin ribbongy " A Tercise desoripticm t ube fil | ed
W'thzonerCur%Tﬁ&@%u?%e%bx@@ud?@ﬂs%&k‘% HORoAR g sfti&rTPar t nent s ver e
separated by e trol yte-perneable nmenbranes go in the formof a diaphragm
or fiit. The’xp@@@i’#er el ectrode 46 was a 25 nmx 12.5 nm pl ati num gauze with

a surface angg, g)é . 4.4 19%0 45 Qndoé’tﬁﬁ ueous 1 M KOH sol ution

was used as a reference eI Hn egﬁn&'? Luggin capillary of

t he referencig f %cgie COIFEB)@CE é‘ 3}1 19E;AC"" 2 mMmto

t he yorking e e surf CEm ﬁj‘f\gy The | nve | on.

potential s t Qhereln %gcxrn gorlp(é xRI gl% ectrodelnlMKO—|

sol ution at &S? “fhe el ect ro? lﬁe was a%’]uteeouslt ﬁot aSSI um hydrOX| de

sol ution prepareg;wit fy, K} %HQ ol et Rasish Hg%ﬁt
isfor a ° e’%ﬁ tﬁ\cl)\%ﬁ’s t y °

pre-el ectrolysis ra mnimum 0 reno I urltles in the
KOH. The el eshbwnlgyreerliwas 10epd ar éduction hedting it shavot ganbxyli)easam Wees deaer at ed

by 39

melt-spinner assembly 10 comprised a high vacuum chamber 14, a ribbon collector
tube 16, and a controller 18. The vacuum chamber 14 was connected to an argon
cylinder 20 that supplied argon gas for purging the chamber 14 and pressurizing a
ceramic crucible 22 (Fig. 2) in order to eject a molten mass of liquid material (not
shown). The temperature of the molten mass of liquid in ceramic crucible 22 is
35 measured by means of an optical pyrometer 24 attached to a quartz window 26
located above vacuum chamber 14.

Induction heater unit 12 was comprised of an induction heater coil 28 (Fig.
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prior to each experinment. Argon bubbling was continued during the [Ll' V‘M éﬂﬂz

experi sol ution tenperature was controlled at 7
bat h SEW%P@W%) wi th an i mrersi on heater (Polystat ?@iggu@lﬁz%hl at or,
Col e-Pal ner). The apparatus used for el ectrochem cal measurenents conpri ses

10 water bath 56 in electrical contact with a potentiostat/gal vanost at
Hokut o Denko HA-501 G with a 200 MHzysPentium |1 personal corrputer 60,

through a RIiB vaflus! LAl [ Mo kut o Denko
HA- 105B) 6?3 l?he el ei@%ﬁ%a??%‘%gﬁakuawﬂ% ag@ggr;g g af oys for the

hydr ogen evistitstlainn (re sbewrg nNP(thRPthdSOOthijetdr ﬁmltghqhmmdu@meazdy state

pol ari zati o M? &%ﬁgm gue. In practice, polarization curves of the
anor phous e ro wer e neasur ed under quasi-potentiostatic conditions at

a very | ow sweefFig. 2tshowes thaam\ﬂgerhmt offé cepppotvhaet B(a(zosmeiap:hMt@ Was found to
be the maximjms pratet vi.ded roduci bl e ste
measur ement &' Y!I%lg rﬁ%‘fccﬁcé %‘Pg & “8‘?'&&%3’ %@Wfsfﬁg@&ykﬁﬁ“ asoni cal |y

wi t b0 acet ongbbongtidedd| , and Type | water in 20 sequence prior to testing.
The el ectrode ng._f tt]en placed in the cell with deaerated 1 M KOH sol ution
and hel d at®a pot®@R¥H™8 of -1.3 V vs. HglHgO for 3 hours to clean the

el ectrode surf acgeah@atd eheal empolitions&eRplifdatdakoWedveiERBes@Yer the range
of 0.9 to -1.5 V vs. Hg/HJO for nultiple cycles in order to assess the

Tafel behav?ols ot Ba BFCéE‘-FrﬂEFd@“}P%B@HE@%W ‘h‘? alloxtis wsiptively yoallwer e

replicated at Aﬂﬁast th; ee t’gl nes for. teach el brﬁgde and anal.yzed for
their reprofu? PAmRLS, Pl oVipy ﬁcq OV\/ﬁ'ésubce?’rf SHREYC SR BRSPPHBuUs al | oy and
crysdfal | i nessbseduert ededrochenitpb neatunenetegr de atierswr haadever deghgietedg and hence

el ectrode degradati on. by, using optical and scanning el ectron mcroscopy
ot o Lo angoTpeSRonE Rt el atelfiel PhiscRpar) o PHE WOPR el

I nvesti gat i gr-iélkd daitine \ied ww&naarblng&mtngstau@w@lr@omaﬂﬁmﬂmshlng

net al | ograph. = El eftron i magi hg was acconp Ilshed usi &% a Hitachi S-570 SEM

equi pped wi 2 EMEfUng UnRg V3ARR Apdusignomel “Rg r 4y sxepidied PREEATHEICN magi ng
condi tions WwektGre c3MBiA¢EI0 NG AW RiLKkeR DB atondd B0 REPID AbhIcBRLE bdrotXOPA) sanpl e

til t20- 'S The remaining 5 atomic % was made up with element A, in this example chromium.
In an altemate embodiment of this invention, the boron was added in the form of an
intermetallic compound like nickel boride which acted as a melting point depressant
and enabled the whole powder mixture to start melting at a relatively low
temperature, ca 1035°C.
25 A batch of 20 - 50 g of the powder mixture was charged into a quartz
crucible (LD, =19.05 mm, O.D. =22.2 mm, height = 130 mm, with round bottom).
The quartz crucible was mounted in the vacuum chamber of the melt-spinner and
centered in the induction coil. The vacuum chamber was then purged three times
with argon and evacuated to ca. 5 x 10™ torr (7 x 107 Pa) before heating. The
30 material powder mixture was melted at greater than 1100°C in the quartz crucible.
The weight loss ratio of materials through pre-melting was found to be < 1 weight %

for all constituents.

B: Melt Spinning

35 The melt spinner used in this work was an experimental sized model



In the first test a quantitative conposition analysis by Inductiveby ﬁﬁ
Coupl ed Plasma (I CP) Spectroscopy was perfornmed. The average exper 402

0 4 JU 01r 31085 PCTI CA00/ 01251 20 5 conpositio nor phous
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crucible. Boron nitride has the advantages of high hardness at elevated temperatures
and good oxidation resistance that enabled the moiten liquid to be superheated to
over 1400°C without any chemical reaction with the crucible.

20 The crucible was mounted above the Cu wheel in the vacuum
chamber. The chamber was purged and evacuated in the same manner as that
described during premelting. The pre-melted button(s) was superheated in the
crucible by the induction coil until the liquid temperature reached a stable maximum
temperature, which was dependent on the alloy composition. The molten mass of

25 liquid was ejected by argon pressure on to the wheel through a fine slit nozzle (0.5 x
15 mm). Planar amorphous ribbons were formed on the surface of the wheel
rotating counterclockwise and driven along the ribbon guides to the collector tube.
This particular form of melt spinning is referred to as the planar flow casting
technique. From the wheel rotation speed, a quenching rate was estimated to be ca

30 10°°C/sec.  One side of the ribbon was free from contact with the wheel and had
a shiny appearance (shiny side) compared with the dull appearance for the other side
in contact with the wheel (wheel side). To minimize surface imperfections on the
dull side due to contact with the wheel, the peripheral surface of the wheel was
thoroughly polished with diamond paste and degreased with acetone before each

35 run. Standard experimental parameters of the melt-spinning operation are
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(1-97a | 3cose where Dis the effective crystallite dinension in nmnéanJUUZ
is wavePeNgIl85of the Cu K radiation; i.e. O 1542 nm ~PCIEMNA2She ful |
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t he el enent al forﬁn The
nanocrystailine in nature.

The third evaluation relates to the electrode performance in relation
20 to the overvoltage necessary for hydrogen production for as-melt spun ribbons under
conditions related to the electrolysis of an alkaline solution.

The fourth evaluation refers to the examination of the surface of the
electrode materials used under both constant potential and conditions of potential
cycling as described above.

25 The first test was performed in order to obtain reliable information
on the elemental composition of the amorphous alloys using inductively coupled

plasma spectroscopy (ICP). Although only a very small weight loss, less than 1
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No. 5,429,725 is also evident from Table 7 by conparjson of the 25
performance of the anorphous alloys. The invention shows hi gher exchange
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bet ween t hen ARl PBRESs. ETRE WaRk @fenth® #ANz4M0NkreCME A Er, V, and B.
Expected concentrations of Ni, Co, Cr, V, and B in the standard and sample

solutions are summarized in Table 4.



Hence, after exposure to severe potential cycling conditions, the isnfrﬁh?uﬁi
aifoy 25 electrodes were nore stable than the crystalline el ectrod geN

el enentygo N/3108%0 or Mb. Al t hough this disclosure had desecThEadoans:
illustrated certain preferred enbodi nents of the invention, it is to be
understood that the invention is not restricted to these particular

enbodi nents. Rather, the invention includes all 30 enbodi nents that are
functional or mechani cal equival entd70of the speciftc enbodi ment and
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claim 1. lLic glass of use jin electrochem cal sai d
nmetallic g nsi sti of a gneous. it erial of bral nom nal
conposi tiop aif]aalcq,o) 00- sgg't AX Zdvmrrgrgel n: °and © ? present; Ais
at | east 0Obhawli m salaoct od fr mfhnﬁrmm I‘nnCISfll’lﬂ be1 Vib VIlb
and VII1 ofsihe qu;w,g(ctqp Tabl e; prow Q)ed thato at Ieasto ne ofgr and Vis
present anf—tihat—TA canmot—be—Fepor—o—Z s at—teast—o renber
sel ected f|#nthg Sqmi@l‘d (Zﬂommtaésu ng W00 ar bth0tand a Hedte) | oi d @&f ement
sel ected f ra 0 he P di c Tabl g; wherein x
i s sel ected %nrg '. ; 20" alt ¢ 19& E&J@(& cted f§om about 15
to 25 atom mpercem Cod aglglqgmgr | 553s;el ectp;d7 from alpagut 55@g] at om ¢
percent. 2}s1 nat ﬁdo C??a%g as| cl aganed i mgcd @i m 1 wherei mgy §s at | east
one net al :,@Bectq F"f off & 'group cogqugj sting @f Ti, \(40 Cr, MwtZr, Nb, Tc,
Ta, and ~X4- gﬂ | LLJ:L asst-as—eclaimedin-clail-m2 hcur'e%% X is
sel ected fgam aboutr ) @r@ ajemea C pesoogent. M6 A netalslg c gl ges{as cl ai ned
in claimljwereiing do Cﬁs rﬁ?St oneqgenber4gl ect ed strom t hey gr oup
consi stingj}ab sillcé‘h 23 or ug, csdon, gyl boronspl A sepallic glass
as cl ai med f-p—eraiHeither oint—1 s about-20-at-emi-e -perepht- ) 4 JUN 2002

#10 Ni,Co0,,Cr,B,, 35.6 25.1 202 19.1

#11 center 35.7 25.1 20.2 18.9

#12 Ni;,Co,,Cr,,B,, tail 35.0 25.0 20.0 20.0

Standard

#13 Nig,Co,,V B, center 50.8 25.3 4.6 19.3

#14 Nig,Co,,V B, tail 50.9 253 4.7 19.1

#15 Standard 50.0 25.0 5.0 20.0

#16 Standard B1 0 0 0 10

#17 Standard B2 0 0 0 25

#18 Standard B3 0 0 0 50

#19 Standard B4 0 0 0 100

The second test was performed using the technique of X-ray

diffraction in order to confirm the degree of crystallinity of the manufactured

10 ribbons. For comparison, measurements were also carried out on crystallized
fragments of the amorphous alloys as well as pure elemental nickel, cobalt,

chromium, boron and the intermetallic nickel boride. The amorphous samples were

prepared by cutting ribbons into 4 mm x 10 mm rectangular pieces. The samples

were then degreased with acetone, methanol and deionized water in sequence. The

15 crystallized fragments had the same bulk composition as the corresponding
amorphous alloy and were primarily in the form of brittle plate-like powder. To

avoid preferential diffraction due to the plate-like surface of the fragments, the



?5 G |~ metallic glass as claimed in claim1 wherein said Ni, Co, r~ and Z
are in a substantially elemental state. 7. ~ netallic glass as clai deUNS;ZrUDZ
cI al m 1 W@E{’%@P ng a mat eri al havi ng the nom nal corrp05|t|on of Ni SOCo

ic glass as clained in claima1 conprisingPSTORPI281 havi ng
the nom nal conposition of Ni;oCo,SV;B,0. 9. rl netallic glass as clained
in claiml conprising a materi al having the preferred nom nal conposition
of ~114~CO~-SZr5Cr5B.,0. 10. rln electrigde for use in an el ectrochem cal

cel | corrprnsa;slaamzea%?dr&uoﬁs B35 PasGRSTRE 15 Sith RrdARIdkA i%ehl GloAET N any

one of clains to 9. 11. rIn"electrode as c In c conprising a
support and md dtspmsdsqﬂ a shde tglambtﬂ)resmmusupptorDlﬁaﬁpatpamgns:mmr| sing said

rretalllcgla t n ¢ im 11 in the
formof a se asé‘ﬂ%pogfﬁ'ﬁ%g%téﬁ@ ar ey%@ §\nCterI %Sg{%'agogzvlgg?{@l (5' i n any one
of clains 10with alNi fillkemetherangd of 24l te G0 rdegreed aad scaretate dfQ cfegee-nd;nper

el ectrochem cal _pr. ction_of X en from an aqueous sol ution.
14. An mpro(?é’&’%@'@é@ '8 VRS PrOPRE g’??ﬁB%ﬁ%ﬂgﬁg production of oxygen and
hydrogen from an aqueont tisied tekt involvedd@smitiegihe eleftRBheaiital 6@kdotensi@ll d process

conprising elecgtrol ysing said a ueous s on wth Iectrodes said
i mpr ovenent for YArogemNEVoRton By de ﬁ'ﬁ)‘f’?‘tg’i“n@']‘gﬁi fglrs‘ﬁ‘ifr"é‘ Grehange CUBERICt 1 odes

conpri si ng adémipkdride QPopSroGREPiHcSe. "YW RKiAREIBETGAEs We SlepiréEfordfe.  One of

claims 1 to 9. .Al_.Aue AH$ AL! .A?. A . A" A .A% .A AYN A A Al . AA

. A& Ni-Co-Cr-B amorphous ailoy ribbons of ca. 20 50 pm thickness and 4 to 15 mm in
width. The shiny side of the ribbon was ground, polished, and degreased. The as-
polished ribbon was cut into approximately 10 mm x 10 mm pieces, and each piece
was joined to an insulated copper lead. The joined area, unpolished wheel side, and
periphery of the polished side were thoroughly coated three times at 24 hr intervals
by Amercoat 90 epoxy resin. This masking coat resists either alkaline or acidic
environments. The exposed geometrical surface area of the fabricated electrodes
was typically 0.03 + 0.01 cm’.

The electrolytic cell shown in Fig. 4 generally as 40 had a three-

compartment structure consisting of a 300 m| capacity main body formed of Teflon®
containing a working electrode 42 of the ribbon of alloy of the invention, a 1/2"
Teflon® tube 44 housing a counter electrode 46, and a 1/4" Teflon® PTFE tube filled
with mercury-mercuric oxide paste (Hg/HgO) 48. The compartments were
separated by electrolyte-permeable membranes 50 in the form of a diaphragm or frit.
The counter electrode 46 was a 25 mm x 12.5 mm platinum gauze with a surface
area of ca. 4.4 cm®. The Hg/HgO paste in aqueous 1 M KOH solution was used as a
reference electrode 52. The tip 54 of a Luggin capillary of the reference electrode
compartment was placed a distance of ca. 2 mm to the working electrode surface of
the alloys of the invention. All potentials quoted herein are referred to the Hg/HgO
electrode in 1 M KOH solution at 30°C. The electrolyte was aqueous § M
potassium hydroxide solution prepared with KOH and Type I water that had
undergone pre-electrolysis for a minimum of 24 hours to remove any impurities in

the KOH. The electrolyte was replaced with fresh electroiyte and was deaerated by
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0.9 to -1.5 V vs. Hg/HgO for multiple cycles in order to assess the Tafel behaviour
of the electrode response. Polarization curves were replicated at least three times for
25 each electrode and analyzed for their reproducibility.

The fourth test was performed on amorphous alloy and crystalline
surfaces to compare the degree of surface roughening and hence electrode
degradation by using optical and scanning electron microscopy prior to and post use
as an electrocatalyst in the cell. Optical investigation was achieved using a light

30 stereoscope and light metallograph. Electron imaging was accomplished using a
Hitachi S-570 SEM equipped with a Link Analytical 10/85s x-ray analyzer.
Nominal imaging conditions were: accelerating voltage - 20kV, beam current -
100uA, sample tilt - 15°,
In the first test a quantitative composition analysis by Inductively

35 Coupled Plasma (ICP) Spectroscopy was performed. The average experimental
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10< principal element concentrations were also measured at two different longitudinal

10 positions over the ribbon such as center and tail. There was no significant difference

in the compositions at different positions. From these data, the amorphous ribbons

can be regarded as homogeneous in the longitudinal direction.

Table 5: Composition of the Amorphous Ribbons (atomic percentage)

15
Targeted Composition Measured Composition
Nig,Co,sCryBy Nig3 10, 4Cry oByg
NigpCo,CrsByy Nijg9C0,4(Crs7Byq,
Niy5Coy5Cry By, Niy51C024,5Cr150B200
NiyCoysCry 5By Nijg3C03Cry56B1g5
NiysCo,sCryyByg Nij55C0y5,Cry02B 5
Ni ,Co,sV.B,, Nig,4Coy,V, 5819,
In the second test, the structure of the ﬁi)bon was assessed using x-
ray diffraction, as it is an integral part of the electrode performance independent of
20 the exact composition of the electrode material. It is known that a typical X-ray
diffraction (XRD) pattern of an amorphous material is a broad spectrum with no
prominent sharp peaks relating to crystalline structure.  Thus, qualitative
confirmation of the amorphous nature of an alloy is demonstrated by a broad band
peak in its XRD profile.
25

As additional information, an index, viz. effective crystallite dimension was
calculated to evaluate the largest potential size of crystal embryos in the meit-spun

ribbons.
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A metallic glass of use in electrochemical processes, said
metallic glass consisting of a homogeneous marterial of the
general nominal composition

(N1,C0) 1900t Ay Z,

wherein:
Ni and Co are always present;
A is at least one member selected from the group
consisting of IVb, Vb, Vib VIIb and VIII of the
Periodic Table; provided that at least one of Cr and
V is present and that A cannot be Fe or Mo;
Z is at least one of a member selected from the
group consisting of carbon and a metalloid element
selected from group IIla, Iva, Va and Via of the
Periodic Table; wherein x 1s selected from about 1 to
20 atomic percent; t is selected from about 15 to 25
atomic percent; and 100-x-t is selected from about

55-84 atomic percent.

A metallic glass as claimed in claim 1 whetein A is at least
one metal selected from the group consisting of Ti, V, Cr,
Mn, Zt, Nb, Tc, Ta, and W.

A metallic glass as claimed in claim 2 wherein x is selected

from about 1 to 5 atomic percent.

A metallic glass as claimed in claim 1 whetein Z is at least
one member selected from the group consisting of silicon,

phosphorus, carbon, and boron.

A metallic glass as claimed in claim 4 wherein t is about 20

atomic percent.
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An electrode as claimed in claim 10 comprising a support
and on at least a portion of said support a coating

comprising said metallic glass.

12. An electrode as claimed in claim 10 or claim 11 in the form

of a self-supporting structure.

13. An electrode as claimed in any one of claims 10 to 12
wherein said electrochemical cell is for the electrochemical
production of oxygen and hydrogen from an aqueous

solution.

14. An improved process for the electrochemical production of
oxygen and hydrogen from an aqueous solution in an
electrochemical cell, said process comprising electrolysing

said aqueous solution with electrodes, said improvement
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