w0 2008/0171:56 A1 |10 00 O O OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O 5O

International Bureau

(43) International Publication Date
14 February 2008 (14.02.2008)

(10) International Publication Number

WO 2008/017156 Al

(51) International Patent Classification:

B32B 15/04 (2006.01) C23F 11/00 (2006.01)
AG1K 6/04 (2006.01) C25D 5/10 (2006.01)
AG1L 27/40 (2006.01) C25D 5/34 (2006.01)
AG1L 31/12 (2006.01) HOIG 2/12 (2006.01)
B32B 18/00 (2006.01) HOIM 4/38 (2006.01)
C23C 30/00 (2006.01) HOIM 4/90 (2006.01)

(21) International Application Number:

PCT/CA2007/001385
(22) International Filing Date: 7 August 2007 (07.08.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/835,870

(71) Applicant and
(72) Inventor: CARDARELLI, Frangois [CA/US]; 6892 S
Cottontail Run Avenue, Tucson, AZ 85706 (US).

(74) Agents: SOFIA, Michel et al.; BCF LLP, 1100 René-
Lévesque Blvd. West, 25th Floor, Montreal, Québec H3B
5C9 (CA).

7 August 2006 (07.08.2006) US

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, HI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: COMPOSITE METALLIC MATERIALS, USES THEREOF AND PROCESS FOR MAKING SAME

(57) Abstract: A lightweight, high
strength and  corrosion  resistant
composite metallic material is disclosed
herein. The composite metallic material
typically comprises a high-to-weight
ratio, low density core material; and a
corrosion resistant protective refractory
metal layer. The method for making the
composite metallic material comprises
the steps of surface activating the core
material and forming a refractory metal
on the surface of the surface activated
core material by physical, chemical
or electrochemical processes.  Such
a composite material is suitable for
making biomaterials, corrosion resistant
equipment and industrial electrodes.

10

20

30



WO 2008/017156 PCT/CA2007/001385

TITLE OF THE INVENTION

[0001] COMPOSITE  METALLIC MATERIALS, USES
THEREOF AND PROCESS FOR MAKING SAME.

FIELD OF THE INVENTION

[0002] The present disclosure relates to composite metallic
materials, uses thereof and a process for making such materials. More
specifically, but not exclusively, the present disclosure relates to lightweight,
high strength and corrosion resistant metallic composite materials, uses
thereof, as well as to a process for making such materials. The present
disclosure also relates to metallic composite materials suitable for making

biomaterials, industrial electrodes and corrosion resistant equipment.

BACKGROUND OF THE INVENTION

[0003] Today, surgical and orthopedic implants, along with
prosthetic devices such as hip and knee joints, femoral repairs, bone plates
and dental implants, made of high strength metals and alloys, are widely used
in medicine. In addition, due to the rapid aging of the world population, the
number of persons requiring replacement of failed hard tissue is expected to

greatly increase (1).

[0004] Four main classes of metallic biomaterials have been

historically used to manufacture surgical implants and prosthetic devices:

[0005] (i) stainless steels such as the AISI| grade 316L; these

materials constitute the first materials to be successfully used owing to their
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good corrosion resistance [their specifications are described in the standard
ASTM F138-03 (2)];

[0006] (i) cobalt-based alloys (Co-Cr-Mo alloys), commercialized
under the trade name Vitalllum®; these materials were subsequently
introduced owing to their high strength-to-weight ratio [their specifications are
described in the standard ASTM F75-01 (3)];

[0007] (iii) titanium and its alloys; introduced during the last few
decades, constitute superior metallic biomaterials owing to their excellent
biocompatibility, strength-to-weight ratio and balance of mechanical
properties (4) [the specifications of chemically pure titanium are described in
standard ASTM F67-00 (5) whereas the specifications of Ti-6Al-4V ELI are
described in ASTM F136-02a (6)]; and

[0008] (iv) shape memory alloys (SMAs), especially nickel-
titanium alloy (55 wt.% Ni : 45 wt% Ti or simply 55Ni-45Ti), known
commercially under the common acronym NiTiINOL, have been the latest

metallic biomaterials [their specifications are described in ASTM 2063-05 (7)].

[0009] In practice, metallic implants must exhibit high strength in
order to prevent fatigue related breakage, and more importantly, they must be
biocompatible. However, high strength also implies a high degree of
stiffness. Implants that are too rigid do not provide for functional loading of
the bone bridged by the implant, leading to dangerous weakening of the bone
substance or decalcification and further fractures. An important parameter for
quantifying this critical behavior is the dimensionless ratio of tensile strength
to Young’s or elasticity modulus (cys/E). For instance, for Vitallium®, the ratio

is roughly equal to 1450 MPa/248 GPa, whereas for the titanium alloy Ti-6Al-
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4V the ratio is 800 MPa/106 GPa. The titanium alloy exhibits a higher ratio
and a lower Young's modulus, leading to a better match with the mechanical

properties of hard tissues.

[0010] It is important that biomaterials be biocompatible with the
human body, without causing adverse reactions therewith (8,9). A
biocompatible material (i.e. biomaterial) must comply with the following

criteria:

[0011] (i) high corrosion resistance with respect to body fluids,
(e.g. by developing a protective and impervious passivating layer) and being

dimensionally stable;

[0012] (i) low cytotoxicity,

[0013] (i) non-ferromagnetic (e.q. avoiding dislodging in a strong

magnetic field such as during magnetic resonance imaging (MRI));

[0014] (iv) high-strength-to-weight ratio;,

[0015] (v) high resistance to cycle loading;

[0016] (vi) low fretting fatigue; and

[0017] (vii) providing for surface treatments permitting adhesion of

biocompatible ceramic coatings.
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[0018] Even though in commercial use, none of the previously
mentioned classes of metallic biomaterials fully satisfies all of the above

criteria.

[0019] Stainless steels containing large amounts of chromium (to
improve corrosion resistance) and nickel (an austenite stabilizer) can release
traces of harmful alloying elements as deleterious metal cations (e.g. Ni?*
and/or Cr®*) over extended periods of time when put into contact with body
fluids (e.g. blood). Moreover, their Young’s modulus is quite high (~ 200
GPa) compared to that of bones (30 GPa).

[0020] Similarly, cobalt-based alloys, despite being more
corrosion resistant, have been alleged to be associated with metal allergies
due to the in-situ release of traces of metal cations (e.g., Co** and Cr*").
Moreover, their elevated Young's modulus, compared to that of bones,

represents a further important drawback.

[0021] Titanium and its alloys exhibit excellent corrosion
resistance, are not known to release traces of alloying elements and have a
Young’s modulus (110 GPa) closely resembling that of hard tissue. Beta
titanium alloys, such as the well known ASTM grade 5 or Ti-6Al-4V ELI are
favored alloys. However, the potential release of vanadium could adversely
affect the long term biocompatibility. A potential similar release of nickel

could adversely affect the long term biocompatibility of NiTiNOL.

[0022] More inert and noble metals have also been envisaged as
potential biomaterials. Pure tantalum, niobium, zirconium and titanium
comprise some of the better candidates in terms of biocompatibility.

Tantalum exhibits excellent corrosion resistance, due to its propensity to
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create a protective and impervious passivating layer. Moreover, the chemical
reactivity of tantalum is comparable to that of borosilicated glass. Yet
moreover, due to its high atomic number and its excellent radiopacity,
tantalum facilitates identification on radiographs. Finally, tantalum exhibits
good ductility and workability, making it an excellent candidate for
implantation in the human body as a surgical or medical device. It has been
previously demonstrated that cold-worked tantalum exhibits fatigue strength
comparable to the best cobalt-based alloys, despite the fact that it exhibits
only about half the ultimate tensile strength at similar elongation (10).

Similarly good results have been obtained with niobium.

[0023] Due to its greater ductility and very low propensity to
stress-corrosion, tantalum, and to a lesser extend niobium, constitute
interesting alternatives to the ultra high strength Co-based alloys presently in
use as biomaterials (11). Although there is a history of successful animal
experimentation and clinical use spanning more than 50 years, the modern
use of tantalum has been strongly limited mainly because of its high density
(16,654 kg/m®) and high cost (550 $US/kg), preventing any commercial use of

bulk tantalum for large prosthetic implants.

[0024] The deposition of a thin tantalum coating onto a less
dense, higher strength and less expensive base metal (e.g. steels) has been
proposed in order to overcome some of the previously mentioned drawbacks.
These composite materials exhibit both the outstanding surface properties of
tantalum (e.g. corrosion resistance, biocompatibility) and the bulk properties
of the base metal (e.g. elevate tensile strength). Several commercial
techniques for producing such coatings on an industrial scale are known in
the art.
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[0025] Cardarelli et al. have shown that among the plethora of
coating techniques, thin, coherent and impervious tantalum coatings can be
obtained by means of tantalum electroplating in molten alkali metal fluorides
(12). Several base metals including iron, copper, nickel, and stainless steels

were successfully coated with tantalum (13).

[0026] U.S. Patent 4,969,907 issued to Koch et al. on November
13, 1990 discloses bone implants made by spot welding tantalum onto a
metallic substrate. However, this technique suffers from the drawback of not
providing a tight and intimate bond between the base metal and the outer
protective layer. Furthermore, it requires a thick and expensive sheet of

tantalum metal.

[0027] Explosion cladding comprises a widely used technique for
manufacturing large plates (14). However, explosion cladding requires flat
surfaces having a thick base plate and lacking intricate shapes and

geometries such as commonly encountered with bone implants.

[0028] A biomaterial comprising a thin tantalum coating deposited
onto a Co-Cr-Mo alloy substrate, either by molten salt electrolysis or by
chemical vapor deposition, has been described by Christensen, J. in Unites
States Patent Application No. 2004/0068323 published on April 8, 2004.
However, the material still exhibits a high strength-to-elasticity ratio, in
addition to exhibiting elevated density. Moreover, a refined electrochemical
technique for depositing tantalum by means of pulsed electrolysis, yielding
ductile alpha tantalum, has been described by Christensen, et al. in WO
02/068729 published on September 5, 2002.
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[0029] The replacement of the heavy substrates with a lighter
metal having a high strength-to-density ratio and a lower Young’s modulus,
especially titanium and titanium alloys, and to a lesser extend zirconium and
its alloys, scandium, aluminum alloys, magnesium and magnesium alloys,
provides for composite materials more closely resembling the properties of
bone. However, the deposition of tantalum onto a titanium or titanium alloy
substrate by means of molten salt electrolysis has not been possible due to
the dissolution of the base metal. Moreover, reactive metals such as titanium
or zirconium alloys cannot be plated with tantalum or niobium in such meits
because of their rapid corrosion prior to the deposition of the tantalum or

niobium coating.

[0030] The preparation of anodes comprising a titanium metal
substrate having an intermediate tantalum coating layer, by means of coating
with an IrO,-Ta,0s electrocatalyst has been disclosed by Kumagai et al. (15).
The intermediate tantalum layer was deposited by means of a sputtering
technique. However, this technique suffers from the drawback of not
providing for good adhesion of the tantalum coating, resuiting in peeling and
subsequent delamination of the coating. Moreover, the long deposition times
(e.g. 2 ym/h) required to obtain an impervious layer are not compatible with

industrial production requirements.

[0031] The present disclosure refers to a number of documents,

the contents of which are herein incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

[0032] The present disclosure broadly relates to novel lightweight,

high strength, corrosion resistant metallic composite materials and uses
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thereof. The composite materials typically comprise a high strength-to-weight
ratio, low density core material; and a refractory, corrosion resistant protective
layer. The present disclosure also relates to a process for making lightweight,

high strength, corrosion resistant composite metallic materials.

[0033] The present disclosure also relates to a process for
preparing a lightweight, corrosion resistant composite metallic material. The
process typically comprises providing a high strength-to-weight ratio, low
density core material, and providing the core material with a refractory,

corrosion resistant protective layer.

[0034] In an embodiment, the present disclosure relates to
lightweight, high strength, conductive and corrosion resistant biocompatible

composite metallic materials.

[0035] More specifically, as broadly claimed, the present
disclosure relates to a lightweight, corrosion resistant composite metallic
material comprising: (i) a high strength-to-weight ratio, low density core

material; and (ii) a refractory and corrosion resistant layer.

[0036] More specifically, as broadly claimed, the present
disclosure relates to a lightweight, corrosion resistant composite metallic
material comprising: (i) a high strength-to-weight ratio, low density core

material; and (ii) a refractory and corrosion resistant coating layer.

[0037] In an embodiment, the present disclosure relates to
lightweight, corrosion resistant composite biomaterials comprising: (i) a high
strength-to-weight ratio, low density core material; and (ii) a refractory and

corrosion resistant layer.
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[0038] In an embodiment, the present disclosure relates to
lightweight, corrosion resistant composite biomaterials comprising: (i) a high
strength-to-weight ratio, low density core material; and (ii) a refractory and

corrosion resistant coating layer.

[0039] The foregoing and other objects, advantages and features
of the present disclosure will become more apparent upon reading of the
following non-restrictive description of illustrative embodiments thereof, given

by way of example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] In the appended drawings:

[0041] FIG. 1 is a fragmented perspective view of a representative
portion of a composite metallic material according to an embodiment of the
present disclosure showing a core material 10, an intermediate coating layer

20 and an outer protective coating layer 30;

[0042] FIG. 2 shows: (a) a perspective view of a composite
metallic material according to an embodiment of the present disclosure
showing a core material 40 an intermediate layer 50 and an outer protective
layer 60; and (b) a perspective view of a composite metallic material
according to an embodiment of the present disclosure showing a core

material 40 and an outer protective layer 60;

[0043] FIG. 3 shows a flowchart illustrating an exemplary process
for making a composite metallic material according to an embodiment of the

present disclosure; and
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[0044] FIG. 4 is a schematic illustration of exemplary applications

of the composite materials of the present disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0045] In order to provide a clear and consistent understanding of
the terms used in the present specification, a number of definitions are
provided below. Moreover, unless defined otherwise, all technical and
scientific terms as used herein have the same meaning as commonly

understood to one of ordinary skill in the art to which this disclosure pertains.

[0046] The use of the word “a” or “an” when used in conjunction
with the term “comprising” in the claims and/or the specification may mean

n i

“one”, but it is also consistent with the meaning of “one or more”, “at least
one”, and “one or more than one”. Similarly, the word “another” may mean at

least a second or more.

[0047] As used in this specification and claim(s), the words
“comprising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as “have” and “has”),
“including” (and any form of including, such as “include” and “includes”) or
“containing” (and any form of containing, such as “contain” and “contains”),
are inclusive or open-ended and do not exclude additional, unrecited

elements or process steps.

[0048] The term “about” is used to indicate that a value includes
an inherent variation of error for the device or the method being employed to

determine the value.
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[0049] As used in this specification, the term “metallic” refers to all
metal-containing materials. This includes but is not limited to pure metals,
metalloids, metal alloys and similar combinations that would be obvious to a

skilled technician.

[0050] As used in this specification, the term “coating layer” refers
to a generally continuous layer formed by a material over or on a surface of

an underlying material.

[0051] As used in this specification, the term *high strength” refers

to a tensile strength of at least 30 Mpa

[0052] As used in this specification, the term “low density” refers
to a density below about 8000 kg/m®.

[0053] The present disclosure broadly relates to novel lightweight,
high strength, corrosion resistant metallic composite materials comprising: (i)
a high strength-to-weight ratio, low density core material; and (ii) a refractory
and corrosion resistant layer. In an embodiment of the present disclosure,
the materials may further comprise an intermediate layer comprising a more
noble metal or an alloy thereof, the intermediate layer being disposed
between the core material and the outer refractory and corrosion resistant
layer. Such composite materials comprise suitable biomaterials. In an
embodiment of the present disclosure, the composite material comprises a

multilayered structure.

[0054] The present disclosure broadly relates to novel lightweight,
high strength, corrosion resistant metallic composite materials comprising: (i)

a high strength-to-weight ratio, low density core material; and (ii) a refractory
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and corrosion resistant coating layer. In an embodiment of the present
disclosure, the materials may further comprise an intermediate coating layer
comprising a more noble metal or an alloy thereof, the intermediate coating
layer being disposed between the core material and the outer refractory and
corrosion resistant coating layer. Such composite materials comprise suitable
biomaterials. In an embodiment of the present disclosure, the composite

material comprises a multilayered structure.

[0055] Selected mechanical properties of biomaterials (16) are
illustrated hereinbelow in Table 1.

[0056] Table 1: Selected mechanical properties of biomaterials.

Metal or alloy Chemical Density | Young's | Yield strength Price ,
composition . modulus oys/MPa (P/US$ kg )

(pkam”)| (E/GPa) (ovsMPe)

Titanium ASTM Ti99.8 4512 110 300 55

grade 2

Titanium ASTM Ti-6AI-4V 4420 106 808 95

grade 5

Zirconium 702 (Zr + Hf) 6510 100 300 230

Tantalum Ta 99.9 16654 179 180 550

Stainless steel Fe-18Cr-10Ni 7800 190 190-1213 22

grade 316LVM

annealed

Vitalium Co-Cr-Mo-W 8500 248 1450 40

NIiTiINOL 55Ni-45Ti 6450 21-83 500 n.a.

Bone 2300 30-40 n.a. -

[0057] The core material comprises a high strength-to-weight

base metal having a Young’s modulus resembling that of hard tissues. Non-
limiting examples of core materials include titanium metal, titanium alloys,

zirconium metal, zirconium alloys, aluminum metal, aluminum alloys,

PCT/CA2007/001385
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scandium metal, scandium alloys, magnesium metal, magnesium alloys, high
melting point aluminum-scandium alloys, shape memory alloys, metal matrix
composites (MMC), and carbon-based materials. Non-limiting examples of
metal matrix composites include aluminum metal reinforced by fibers of boron
carbide (Boralyn®) and magnesium alloy grade AZ91 reinforced by fibers
silicon carbide (SiC). In an embodiment of the present disclosure, the shape
memory alloy comprises NiTiINOL. In an embodiment of the present
disclosure, the metal matrix composite comprises Boralyn®. In an
embodiment of the present disclosure, the carbon-based material comprises

pyrrolytic graphite.

[0058] The refractory and corrosion resistant material comprises a
refractory metal selected from the group consisting of titanium, titanium
alloys, zirconium, zirconium alloys, hafnium, hafnium alloys, vanadium,
vanadium alloys, niobium, niobium alloys, tantalum, tantalum alloys,
chromium, chromium alloys, molybdenum, molybdenum alloys, tungsten,
tungsten alloys, iridium, iridium alloys, rhenium and rhenium alloys. In an
embodiment of the present disclosure, the refractory and corrosion resistant
material provides an outer impervious coating layer. In an embodiment of the
present disclosure, the refractory and corrosion resistant material provides an
outer impervious layer. The outer impervious layer or coating layer may be
applied by means of electrolysis in molten salts. Alternatively, the outer
impervious layer or coating layer may be applied by means of metalliding (i.e.
current-less electrolysis) in a molten salt electrolyte. Alternatively, the outer
impervious layer or coating layer may be applied by means of chemical vapor

deposition (CVD) or by physical vapor deposition (PVD).

[0059] The material comprising the intermediate layer or

intermediate coating layer includes a more noble metal or alloy thereof. Non-
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limiting examples of such materials include iron, iron alloys, nickel, nickel
alloys, cobalt, cobalt alloys, copper, copper alloys, gold, gold alloys,
chromium, chromium alloys, platinum group metals (e.g. ruthenium, rhodium,
palladium, osmium, iridium, platinum) and platinum group metal alloys (e.g.
ruthenium alloys, rhodium alloys, palladium alloys, osmium alloys, iridium
alloys, platinum alloys). In an embodiment of the present disclosure, the
intermediate layer comprises a thin layer which may be deposited onto the
core material either by electrochemical, physical or chemical deposition
techniques. In an embodiment of the present disclosure, the intermediate
coating layer comprises a thin coating layer which may be deposited onto the
core material either by electrochemical, physical or chemical deposition

techniques.

[0060] The adhesion between the core material and the refractory
and corrosion resistant material may be further enhanced by means of heat
treatment.  Alternatively, the adhesion between the core material, the
intermediate material and the refractory and corrosion resistant material may
be further enhanced by means of heat treatment. Heat treatment favors
diffusion bonding between all layers/coatings and prevents delamination.
Diffusion bonding is particularly efficient between layers/coatings of materials
(e.g. metals) selected according to their ability to form solid solutions or
intermetallic phases (i.e. Ti-Ni, Ni-Ta). Selected intermetallic combinations

are illustrated hereinbelow in Table 2.
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[0061] Table 2: Intermetallic combinations.

Metal 1/Metal 2 | Chromium Iron Cobalt Nickel Copper Gold
Titanium yes yes yes yes yes yes
Zirconium yes yes yes n.a. yes yes
Hafnium yes yes yes yes yes yes
Niobium yes yes yes yes no yes
Tantalum yes yes yes yes no n.a.
Aluminum yes yes yes yes yes yes
Scandium yes yes yes yes n.a. yes
[0062] In an embodiment, the metallic composite materials of the

present disclosure may be used as biomaterials for applications including but
not limited to implants and dental repair. In a further embodiment, the
metallic composite materials of the present disclosure may be used as
dimensionally stable monopolar or bipolar industrial electrode materials for
applications including but not limited to electrolyzers, batteries, fuel cells and
supercapacitors. In yet a further embodiment, the metallic composite material
of the present disclosure may be used as corrosion resistant materials for
manufacturing applications including but not limited to piping, valves, pumps,

pump casings, impellers, tanks, and pressure vessels.

[0063] In an embodiment, the metallic composite materials of the
present disclosure comprise a high strength-to-weight ratio titanium metallic
core, electroplated in a molten salt with a refractory and corrosion resistant
tantalum or niobium layer. The core may optionally be plated with a more
noble metal intermediate layer. The layers are subsequently heat treated

ensuring diffusion bonding between all layers. The composite materials may
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be used as biomaterials, electrocatalytic bipolar electrodes or as corrosion

resistant materials.

[0064] In an embodiment, the metallic composite materials of the
present disclosure comprise a high strength-to-weight ratio titanium metallic
core, electroplated in a molten salt with a refractory and corrosion resistant
tantalum or niobium coating layer. The core may optionally be plated with a
more noble metal intermediate coating layer. The coatings are subsequently
heat treated ensuring diffusion bonding between all coatings. The composite
materials may be used as biomaterials, electrocatalytic bipolar electrodes or

as corrosion resistant materials.

[0065] The refractory base metals titanium, zirconium, their
respective alloys, aluminum and the rare earth metal scandium, readily form
an insulating passivating oxide layer protecting the underlying base metal
when anodically polarized, or when immersed in a corrosive media containing
oxygen. The propensity to forming a passivating oxide layer is commonly
know in the art as the “valve action (VA) property’. It is important that the
passivating oxide layer be removed in order to ensure the formation of an
excellent “bond” (i.e. adhesion) between the base metal (i.e. substrate) and
the intermediate layer or coating layer. Moreover, the formation of a
passivating oxide layer must also be prevented during the coating operations.
The removal and the prevention of a passivating oxide layer may be
accomplished using chemical, physical or electrochemical methods. In light
of the present disclosure, it is believed to be within the capacity of a skilled
technician to determine a suitable method. The compulsory removal of the
paésivating oxide layer and the prevention thereof is known as the “surface

activation” of the base metal.
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[0066] Prior to performing the surface activation of the base metal
or an alloy thereof (i.e. substrate), the workpiece may be prepared according
to precise specifications (e.g. size, shape) by means of common methods
including forging, casting, molding, powder metallurgy, or machining
techniques. In light of the present disclosure, it is believed to be within the
capacity of a skilled technician to determine a suitable method. Any
dimensional changes to the workpiece resulting from subsequent work done
thereon (e.g. surface activation, plating, electroplating, and coating) can be
accurately calculated and taken into consideration when manufacturing the

workpiece.

[0067] Firstly, in order to remove grease and dirt, the base metal
or an alloy thereof may be degreased by means of an organic solvent. Non-
limiting examples of suitable organic solvents include hexanes, acetone,
trichloroethylene and dichloromethane. In light of the present disclosure, it is
believed to be within the capacity of a skilled technician to determine and
select other suitable solvents. Alternatively, the base metal or an alloy
thereof can be cleansed by means of a caustic alkaline solution. A non-
limiting example of a suitable caustic alkaline solution comprises potassium
hydroxide in ethanol. In light of the present disclosure, it is believed to be
within the capacity of a skilled technician to determine and select other
suitable caustic alkaline solutions. Alternatively, the base metal or an alloy
thereof can be cleaned by means of electrocleaning. In an embodiment of
the present disclosure, in order to avoid hydrogen embrittlement, the base

metal or an alloy thereof was degreased using an organic solvent.

[0068] Secondly, once degreased, the passivating oxide layer
protecting the underlying base metal or alloy thereof (e.g. workpiece) is

removed. This can be accomplished using chemical, physical or
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electrochemical methods. In an embodiment of the present disclosure, the
passivating layer is removed by means of sandblasting. An abrasive such as
corundum, rather than silica, is commonly used in the sandblasting operation
in view of its higher Mohs hardness (9 vs. 7). Moreover, corundum poses
less of an occupational hazard compared to crystalline silica, and its
embedded particles are more readily removed from the base metal (or alloy)
surface. The sandblasted workpiece is subsequently rinsed using distilled or
deionized water, and optionally sonicated in an ultrasound bath for about 5
minutes in order to remove any embedded corundum particles. In a further
embodiment of the present disclosure, the passivating layer is removed by
means of grinding. In light of the present disclosure, it is believed to be within
the capacity of a skilled technician to determine and select other suitable

methods.

[0069] Thirdly, to complete the surface activation, the surface of
the sandblasted workpiece is typically etched by means of either chemical or
electrochemical methods. Several etching reagents and etching methods are
known in the art. For instance, titanium and its alloys (e.g. workpiece) may be
etched by immersion into: (i) a boiling 10 wt.% aqueous oxalic acid solution;
(iiy a boiling 20 wt.% aqueous hydrochloric acid solution; (iii) a boiling 30 wt.%
aqueous sulfuric acid solution; or (iv) immersing the workpiece into a bath
comprising a mixture of nitric and hydrofluoric acid, followed by immersing
into a stop bath comprising a mixture of nitric and sulfuric acid and rinsing

with deionized water to ensure complete removal of any residual etchant.

[0070] In an embodiment of the present disclosure, an
intermediate layer or coating layer is deposited on the workpiece by chemical,
physical or electrochemical means, following surface activation thereof.

When the intermediate layer or coating layer is to be deposited by means of
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electroplating, the workpiece is typically immersed in an aqueous electrolyte
or in a bath comprising cations of the nobler metal to be deposited. In this
electroplating process, the workpiece (the cathode) is connected to the
negative pole of a direct current power supply. The cations of the nobler
metal to be deposited are typically supplied either by the dissolved solute and
a soluble anode of the metal to be deposited, or, alternatively, by the
dissolved solute only (in cases where an insoluble anode is used in place of a
soluble anode). Non-limiting examples of nobler metals to be plated include
Fe, Co, Ni, Cu, Cr, Ru, Rh, Pd, Os, Ir, Pt and Au. In light of the present
disclosure, it is believed to be within the capacity of a skilled technician to

determine and select other nobler metals to be plated.

[0071] The electroplating of iron, cobalt, nickel, copper, chromium,
platinum group metals (e.g. ruthenium, rhodium, palladium, osmium, iridium,
and platinum) or gold can be accomplished in one step or in two consecutive
steps by either direct or pulsed electrolysis. When adhesion of the
intermediate layer is of concern, a strike plate of the nobler metal having a
thickness of a few microns is first deposited onto the substrate prior to the

final deposition of the thicker intermediate layer.

[0072] Because of the poor adherence of the nobler metals (i.e.
intermediate layer or intermediate coating layer) on base metals such as
titanium and zirconium (e.g. Fe on Ti; Ni on Ti), even after surface activation
and having applied a strike plate, heat treatment is typically performed over a
period of several hours at temperatures ranging from about 200°C to about
1200°C to prevent catastrophic delamination between the substrate and the
intermediate layer or intermediate coating layer. Heat treatment ensures
good adhesion between the base metal or alloy thereof (e.g. workpiece) and

any subsequent layers or coating layers by favoring diffusion bonding
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therebetween and can be performed under inert atmosphere, vacuum or in a

molten salt bath.

[0073] In an embodiment of the present disclosure, a refractory
and corrosion resistant layer or coating layer is deposited by means of
electroplating, following the deposition of the diffusion bonded intermediate
layer or coating layer. Non-limiting examples of refractory materials include
tantalum, niobium, molybdenum, tungsten, and rhenium. [n light of the
present disclosure, it is believed to be within the capacity of a skilled
technician to determine and select other refractory metals suitable for
producing a refractory and corrosion resistant layer or coating layer. The
deposition of the refractory and corrosion resistant layer or coating layer may
be accomplished by chemical, physical or electrochemical means. In an
embodiment of the present disclosure, tantalum is electrodeposited onto a
plated titanium workpiece by means of electrolysis in a molten salt electrolyte.
The electrodeposition of the refractory and corrosion resistant layer or coating
layer may be accomplished by either direct or pulsed electrolysis.
Alternatively, the refractory and corrosion resistant layer or coating layer may

be deposited by means of metalliding (i.e. current-less electrolysis).

[0074] When the refractory and corrosion resistant layer or coating
layer is to be deposited by means of electroplating, the plated workpiece is
immersed in a molten salt electrolyte comprising cations of the refractory
metal to be deposited. In an embodiment of the present disclosure, the
electrolyte is a room temperature molten salt. In an embodiment of the
present disclosure, the electrolyte is a high temperature molten salt. In yet a
further embodiment of the present disclosure, the electrolyte is an ionic liquid.
In this electroplating process, the plated workpiece (the cathode) is connected

to the negative pole of a direct current power supply. The cations of the
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refractory and corrosion resistant metal to be deposited are typically supplied
either by the dissolved solute and a soluble anode of the metal to be
deposited, or, alternatively, by the dissolved solute only (in cases where an
insoluble anode is used in place of a soluble anode). In an embodiment of
the present disclosure, the corrosion resistant layer or coating layer
comprises tantalum. In yet a further embodiment of the present disclosure,
the tantalum comprising layer or coating layer is deposited under constant

current until a desired thickness is obtained.

[0075] When the refractory and corrosion resistant layer or coating
layer is deposited by means of metalliding, the refractory and corrosion
resistant layer or coating layer diffuses into the underlying intermediate layer
or intermediate coating layer due to the high temperatures of the metalliding
bath (comprising a high temperature molten salt electrolyte). In an
embodiment, the present disclosure relates to a metal plated titanium
workpiece comprising a tantalum refractory and corrosion resistant layer or

coating layer.

[0076] Following the electrodeposition of the refractory and
corrosion resistant layer or coating layer, the workpiece can be either
removed from the electrolyte bath or maintained therein to further ensure
effective diffusion bonding between all constituent materials. The thickness of
the refractory and corrosion resistant layer or coating layer is generally in the
order of several micrometers. Due to a precise control over the
electrodeposition conditions, notwithstanding the removal of traces of
solidified electrolyte from the surface of the finished workpiece, no further
treatment is typically required. Any traces of solidified electrolyte are readily

removed by simple and/or ultrasonic washing in deionized water.
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[0077] In an embodiment, the composite materials of the present
disclosure provide a cost-effective alternative over the traditional high
strength materials and alloys presently in use. As a non-limiting example,
considering the price and bulk density of both titanium and tantalum (Table 1),
a tantalum plated titanium object having similar corrosion properties as pure
tantalum is 38 times less expensive than an identical object made entirely of

bulk tantalum metal.

[0078] Depending on the nature of the core material, the type of
intermediate layer or coating layer, and the type of refractory and corrosion
resistant layer or coating layer, several industrial applications may be

envisaged for the metallic composite materials of the present disclosure.

[0079] In an embodiment, the composite materials of the present
disclosure exhibit mechanical properties (e.g. high-strength-to-weight ratio
and low density) corresponding to those of the bulk core material (e.g.
titanium) and refractory, corrosion resistance and biocompatibility
corresponding to that of pure tantalum or niobium, making them suitable for

use as biomaterials (e.g. implants), prosthetic devices and dental implants.

[0080] In an embodiment of the present disclosure, the core
material (e.g. titanium) can be plated with a copper or gold layer impervious to
atomic, molecular and nascent hydrogen, followed by the deposition of a
tantalum or niobium layer. Such composite materials are suitable, following
loading with a suitable electrocatalyst, as dimensionally stable monopolar or
bipolar industrial electrodes capable of withstanding hydrogen, oxygen and
chlorine evolution, for applications including but not limited to electrolyzers,

batteries, fuel cells and supercapacitors.
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[0081] In an embodiment of the present disclosure, the core
material (e.g. a porous shape memory alloy such as NiTiNOL) can be plated
with a nickel or gold layer, followed by the deposition of a tantalum coating.
Such composite materials comprise high surface area dimensionally stable
electrodes suitable for use in applications not limited to batteries, fuel cells

and supercapacitors.

[0082] In an embodiment, the composite materials of the present
disclosure exhibit corrosion resistant properties corresponding to bulk
tantalum, making them suitable for use as corrosion resistant materials for
manufacturing applications including but not limited to heat exchanger plates,

piping, valves, pumps, pump casings, impellers, tanks, and pressure vessels.

EXPERIMENTAL

[0083] A number of examples are provided hereinbelow,
illustrating the manufacture of the various parts of the high-strength

composite materials of the present disclosure.

[0084] Surface activation of titanium and titanium alloys.

[0085] Rectangular plates of chemically pure titanium (ASTM
grade 2) and of titanium alloy Ti-6Al-4V (ASTM grade 5) were first degreased
using trichloroethylene, air dried and then sandblasted with fine corundum
sand (90 um) under a pressure of 5 MPa using a sandblasting unit (model
Solo Basic) manufactured by Renfert GmbH. Prior to chemical etching in
either (i) a boiling solution of oxalic acid (9 wt.% H,C,0,), (ii) a hydrochloric
acid solution (20 wt.% HCI), or (iii) a sulfuric acid solution (30 wt.% H,SO,)

over a period of 30 minutes, the sandblasted plates were immersed in an
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ultrasound bath for removal of any imbedded abrasive sand particles.
Alternatively, the chemical etching was performed over a period of 5 seconds
using a mixture of nitric-hydrofluoric acids (60 vol.% HNO; - 20 vol.% HF - 20
vol.% H,0). The etched plates were then thoroughly washed with deionized

water and kept therein until the deposition of the intermediate layer.

[0086] Surface activation of zirconium and zirconium alloys.

[0087] A rectangular plate of chemically pure zirconium (e.g.
zircadyne grade 702) was first degreased using trichloroethylene, air dried
and then sandblasted with a fine corundum sand (90 um) under a pressure of
5 MPa using a sandblasting unit (model Solo basic) manufactured by Renfert
GmbH. Prior to chemical etching in a mixture of nitric-hydrofluoric acids (60
vol.% HNO3 - 20 vol.% HF - 20 vol.% H,0) over a period of 2 seconds and
immersion in a stopping bath comprising a mixture of nitric and sulfuric acids
(60 vol.% HNO; - 20 vol.% H,SO, - 20 vol.% H,0O) over a period of 5 seconds,
the sandblasted plate was immersed in an ultrasound bath for removal of any
imbedded abrasive sand particles. The etched zirconium plates were then
thoroughly washed with deionized water and kept therein until deposition of

the intermediate layer.

[0088] Surface activation of nickel-titanium shape memory
alloy (NiTiNOL).
[0089] A rod of shape memory nickel-titanium alloy (NiTiNOL;

55Ni-45Ti) was first degreased using trichloroethylene. The clean rod was
then electropolished in a solution of sulfuric acid in methanol (e.g. 200 g/L
H,SO,4). The anode was comprised of the rod of shape memory alloy while

the cathode was comprised of a platinum plate. The electropolishing was
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performed galvanostatically over a period of 30 seconds, until the cell voltage
reached 60 V, at 5°C with an anodic current density of 2 kA/m?. The etched
rod was then thoroughly washed with methanol and kept therein until

deposition of the intermediate layer.

[0090] Surface activation of a high melting point aluminum-

scandium alloy.

[0091] A rectangular plate of an aluminum-scandium alloy having
a melting point above 800°C, was first degreased using acetone, air dried and
then sandblasted with a fine corundum sand (90 pym) under a pressure of 5
MPa using a sandblasting unit (model Solo basic) manufactured by Renfert
GmbH. Prior to chemical etching at room temperature in a mixture of nitric-
hydrofluoric acids (20 vol.% conc. HNO; - 5 vol.% conc. HF - 75 vol.% H,0)
over a period of 2 minutes, the sandblasted plate was immersed in an
ultrasound bath for removal of any imbedded abrasive sand particles. The
etched aluminum-scandium alloy plate was then thoroughly washed with

deionized water and kept therein until deposition of the intermediate layer.

[0092] Surface _activation of a _magnesium and magnesium
alloys.
[0093] A rectangular plate of magnesium metal was first

degreased using acetone, air dried and then gently sandblasted with a fine
corundum sand (90 pm) under a pressure of 5 MPa using a sandblasting unit
(model Solo basic) manufactured by Renfert GmbH. The sandblasted plate
was immersed in an ultrasound bath for removal of any imbedded abrasive
sand particles. The magnesium plate was then immersed in an alkaline

zincate bath at room temperature comprising 500 g/L sodium hydroxide
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(NaOH) and 100 g/L zinc oxide (ZnO). Any oxide film at the surface of the
magnesium plate was readily dissolved (exposing the magnesium metal) and
was immediately replaced by a zinc layer providing a coherent layer ready for

the electroplating the intermediate layer or intermediate coating layer.

[0094] Electrodeposition of an intermediate coating layer of

nickel onto pure titanium and titanium alloys.

[0095] A nickel strike plate ranging in thickness from about 1 to
about 2 micrometers was first electrodeposited onto the previously surface
activated titanium or titanium alloy plates using a modified Watts bath. The
electrolyte consisted of an aqueous solution comprising 220 g/L of nickel (Il)
chloride hexahydrate and 40 g/L of concentrated hydrofluoric acid (50 wt.%
HF). The electrodeposition was performed galvanostatically over a period of
5 minutes at 60°C with a cathodic current density of 200 A/m?>. The
electrolyzer was comprised of an undivided PVC tank in which the central
titanium plate was the cathode and in which thick nickel plates surrounding
the titanium plate functioned as soluble anodes. A nickel plate having a
thickness of about several micrometers was then galvanostatically
electroplated over a period of 1 hour at 60°C by means of a cathodic current
density of 200 Alm? using a classical Watts bath. The electrolyte consisted of
an aqueous solution comprising 350 g/L of nickel (ll) sulfate hexahydrate, 45

g/L of nickel (Il) chloride hexahydrate, and 35 g/L of boric acid.

[0096] Electrodeposition of an intermediate coating layer of

nickel onto pure zirconium and zirconium alloys.

[0097] A nickel strike plate ranging in thickness from about 1 to

about 2 micrometers was first electrodeposited onto the previously surface



WO 2008/017156 PCT/CA2007/001385

27

activated zirconium or zirconium alloy plates using a modified Watts bath.
The electrolyte consisted of an aqueous solution comprising 220 g/L of nickel
(Il) chloride hexahydrate and 40 g/L of concentrated hydrofluoric acid (50
wt.% HF). The electrodeposition was performed galvanostatically over a
period of 5 minutes at 60°C with a cathodic current density of 200 A/m?. The
electrolyzer was comprised of an undivided PVDF tank in which the central
zirconium plate was the cathode and in which thick nickel plates surrounding
the zirconium plate functioned as soluble anodes. A nickel plate having a
thickness of about several micrometers was then galvanostatically
electroplated over a period of 1 hour at 60°C by means of a cathodic current
density of 200 A/m? using a classical Watts bath. The electrolyte consisted of
an aqueous solution comprising 350 g/L of nickel (ll) sulfate hexahydrate, 45

g/L of nickel (II) chloride hexahydrate, and 35 g/L of boric acid.

[0098] Electrodeposition of an intermediate coating layer of

copper onto pure zirconium and zirconium alloys.

[0099] A copper strike plate ranging in thickness from about 1 to
about 2 micrometers was first electrodeposited onto the previously surface
activated zirconium or zirconium alloy plates using an aqueous electrolyte
comprising 250 g/L of copper (ll) chloride hexahydrate and 50 g/L of
concentrated hydrofluoric acid (50 wt.% HF). The electrodeposition was
performed galvanostatically over a period of 5 minutes at 60°C with a
cathodic current density of 200 A/m?. The electrolyzer was comprised of an
undivided PVDF tank in which the central zirconium plate was the cathode
and in which two thick plates of pure copper surrounding the zirconium plate
functioned as soluble anodes. A copper plate having a thickness of about
several micrometers was then galvanostatically electroplated over a period of

1 hour at 60°C by means of a cathodic current density of 200 A/m? using a
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modified copper acid bath. The electrolyte consisted of an aqueous solution
comprising 350 g/L of copper (ll) sulfate, 50 g/L of sulfuric acid, and 10 g/L of

hydrofluoric acid.

[00100] Electrodeposition of an _intermediate coating layer of

gold onto pure zirconium and zirconium alloys.

[00101] A gold coating layer having a thickness of about several
micrometers was electrodeposited onto the previously surface activated
zirconium or zirconium alloy plates at a pH of about 12.1 using an aqueous
electrolyte comprising 44 g/L of potassium dicyanoaurate [KAu(CN).], 48 g/L
of potassium tartrate, 3 g/L of potassium hydroxide (KOH), 10 g/L of
potassium carbonate (K,CO3) and finally 30 g/L of potassium cyanide (KCN).
The electrodeposition was performed galvanostatically at 54°C with a
cathodic current density of 215 A/m®. The electrolyzer was comprised of an
undivided PVDF tank in which the central zirconium plate was the cathode
and in which two thick plates of pure gold (for low current density
applications) surrounding the zirconium plate functioned as soluble anodes.
Alternatively, the electrolyzer was comprises of an undivided PVDF tank in
which the central zirconium plate functioning as the cathode was surrounded

by two insoluble anodes comprised of stainless steel (AIS| 304L).

[00102] Electrodeposition of an_intermediate coating layer of

gold onto a high melting point aluminum-scandium alloy.

[00103] A gold layer having a thickness of about several
micrometers was electrodeposited onto the previously surface activated
aluminum-scandium alloy at a pH of about 12.1 using an aqueous electrolyte

comprising 44 g/L of potassium dicyanoaurate [KAu(CN),], 48 g/L of
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potassium tartrate, 3 g/L of potassium hydroxide (KOH), 10 g/L of potassium
carbonate (KyCO;) and finally 30 g/L of potassium cyanide (KCN). The
electrodeposition was performed galvanostatically at 54°C with a cathodic
current density of 215 A/m?. The electrolyzer was comprised of an undivided
PVDF tank in which the central aluminum-scandium alloy was the cathode
and in which two thick plates of pure gold (for low current density
applications) surrounding the aluminum-scandium alloy functioned as soluble
anodes. Alternatively, the electrolyzer was comprised of an undivided PVDF
tank in which the central aluminum-scandium alloy functioning as the cathode
was surrounded by two insoluble anodes comprised of stainless steel (AISI
304L).

[00104] Electrodeposition of an_intermediate coating layer of

nickel onto pure magnesium and magnesium alloys.

[00105] A nickel strike plate was first deposited onto the previously
surface treated (zincate bath) magnesium or magnesium alloy. A nickel plate
having a thickness of about several micrometers was then galvanostatically
electroplated over a period of 1 hour at 60°C by means of a cathodic current
density of 200 A/m? using a classical Watts bath. The electrolyte consisted of
an aqueous solution comprising 350 g/L nickel (ll) sulfate hexahydrate, 45 g/L

of nickel (II) chloride hexahydrate, and 35 g/L of boric acid.

[00106] Heat treating and diffusion bonding.

[00107] In order to ensure a tight bond between the substrate and
the intermediate layer or intermediate coating layer, the electroplated core
materials were heat treated at temperatures ranging from about 500°C to

about 900°C, either under vacuum or inert atmosphere, ensuring diffusion
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bonding between all layers. The heating may be provided by means of direct
heating, induction heating, Joule’s heating, immersion in a molten salt or
plasma heating. In light of the present disclosure, it is believed to be within
the capacity of a skilled technician to determine and select other suitable

heating methods.

[00108] Electrodeposition __of tantalum by molten _salt
electrolysis.

[00109] A thin tantalum coating layer was electrodeposited onto the
previously heat treated electroplated core materials by means of electrolysis
in a molten salt electrolyte, at temperatures of about 800°C and under an inert
argon or helium atmosphere. The molten salt electrolyte comprised a binary
mixture of lithium and sodium fluorides having the eutectic composition 60
mol.% LiF - 40 mol.% NaF and 40 wt.% potassium heptafluorotantalate
(K;TaF7). The previously heat treated electroplated core materials were
immersed in the bath and cathodically polarized while a thick tantalum
crucible containing the melt functioned as tantalum soluble anode. The
electrodeposition was performed under galvanostatic control using a direct
current power supply at a cathodic current density of 500 A/m?. The tantalum
coated material was removed from the reactor by means of an antechamber
which was closed by a large valve gate, avoiding any entry of air and
moisture. Once cooled, the coated material exhibited a dense, coherent,
impervious and thin tantalum protective layer having corrosion properties

identical to pure tantalum metal.

[00110] Electrodeposition of tantalum by metalliding.

[00111] A thin tantalum coating layer was electrodeposited onto the
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previously heat treated nickel-electroplated core materials by means of
metalliding in a molten salt electrolyte, at temperatures of about 800°C and
under an inert argon or helium atmosphere. The molten salt electrolyte
comprised a binary mixture of lithium and sodium fluorides having the eutectic
composition 60 mol.% LiF - 40 mol.% NaF and 40 wt.% potassium
heptafluorotantalate (K.TaFy7). The previously heat treated nickel-
electroplated core materials were immersed in the bath. The cathode (i.e. the
heat treated nickel-electroplated core materials) and the tantalum soluble
anode (ie. the tantalum crucible containing the melt) were electrically
connected without the use of a power supply, the difference between the
electrode potentials being the driving-force. The metalliding process was
carried out over a period of several hours, resulting in a diffusion bonded
tantalum-nickel alloy coated material. The tantalum coated material was
removed from the reactor by means of an antechamber which was closed by
a large valve gate, avoiding any entry of air and moisture. Once cooled, the
coated material exhibited a dense, coherent, impervious and thin diffusion
bonded tantalum-nickel alloy protective layer having excellent corrosion

properties.

[00112] It is to be understood that the disclosure is not limited in its
application to the details of construction and parts as described hereinabove.
The disclosure is capable of other embodiments and of being practiced in
various ways. It is also understood that the phraseology or terminology used
herein is for the purpose of description and not limitation. Hence, although
the present disclosure has been described hereinabove by way of illustrative
embodiments thereof, it can be modified, without departing from its spirit,

scope and nature as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A lightweight, corrosion resistant composite

metallic material comprising:

a) a high strength-to-weight ratio, low density core
material; and

b) a refractory, corrosion resistant protective layer.

2. The composite metallic material of claim 1,
further comprising an intermediate layer disposed between said core material

and said protective layer.

3. The composite metallic material of claim 1,

wherein said protective layer comprises a coating layer.

4. The composite metallic material of claim 2,

wherein said intermediate layer comprises a coating layer.

5. The composite metallic material of claim 1,
wherein said core material comprises a material selected from the group
consisting of base metals, base metal alloys, shape memory alloys and

mixtures thereof.

6. The composite metallic material of claim 1,
wherein said core material comprises a material selected from the group

consisting of metal matrix composites and carbon-based materials.

7. The composite metallic material of claim 5,
wherein said core material is selected from the group consisting of titanium

metal, titanium alloys, zirconium metal, zirconium alloys, aluminum metal,
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aluminum alloys, scandium metal, scandium alloys, magnesium metal,
magnesium alloys, high melting point aluminum-scandium alloys and mixtures

thereof.

8. The composite metallic material of claim 5,

wherein said shape memory alloys comprise NiTiNOL.

9. The composite metallic material of claim 6,
wherein said metal matrix composites comprise a material selected from the
group consisting of magnesium, aluminum, titanium and alloys thereof, said
material being reinforced by fibres selected from the group consisting of

carbon (C), boron carbide (B4C), silicon carbide (SiC) and mixtures thereof.

10. The composite metallic material of claim 6,

wherein said carbon-based materials comprise pyrrolytic graphite.

11. The composite metallic material of claim 3,
wherein said protective layer comprises a material selected from the group
consisting of titanium metal, titanium alloys, zirconium metal, zirconium alloys,
hafnium metal, hafnium alloys, vanadium metal, vanadium alloys, niobium
metal, niobium alloys, tantalum metal, tantalum alloys, chromium metal,
chromium alloys, molybdenum metal, molybdenum alloys, tungsten metal,
tungsten alloys, iridium metal, iridium alloys, rhenium metal, rhenium alloys

and mixtures thereof.

12. The composite metallic material of claim 4,
wherein said intermediate layer comprises a material selected from the group
consisting of iron, iron alloys, nickel, nickel alloys, cobalt, cobalt alloys,
copper, copper alloys, gold, gold alloys, chromium, chromium alloys, platinum

group metals, platinum group metal alloys and mixtures thereof.
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13. The composite metallic material of claim 12,
wherein the platinum group metals are selected from the group consisting of

ruthenium, rhodium, palladium, osmium, iridium, and platinum.

14. A process for preparing a lightweight, corrosion

resistant composite metallic material, said process comprising:

a) providing a high strength-to-weight ratio, low density core
material; and
b) providing said core material with a refractory, corrosion

resistant protective layer.

15.  The process of claim 14, further comprising:

c) surface activating said core material to produce a surface
activated core material, and
d) providing said surface activated core material with an

intermediate layer.

16.  The process of claim 14, wherein said protective

layer comprises a coating layer.

17. The process of claim 15, wherein said

intermediate layer comprises a coating layer.

18. The process of claim 15, wherein said surface

activating comprises:

a) washing said core material by a means selected from the
group consisting of an organic solvent, a caustic alkaline solution and

electrocleaning;
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b) abrading said core material to provide an abraded surface;
and

c) etching said abraded surface.

19. The process of claim 18, wherein said organic
solvent is selected from the group consisting of hexanes, acetone,

trichloroethylene, dichloromethane and mixtures thereof.

20. The process of claim 18, wherein said caustic

alkaline solution comprises potassium hydroxide in ethanol.

21.  The process of claim 18, wherein said abrading is
performed by means of a method selected from the group consisting of

sandblasting and grinding.

22. The process of claim 16, wherein said protective
layer is deposited by a method selected from the group consisting of
electrolysis, electroless plating, currentless electrolysis, physical deposition

and chemical deposition.

23. The process of claim 16, wherein said core
material comprises a material selected from the group consisting of base

metals, base metal alloys, shape memory alloys and mixtures thereof.

24. The process of claim 16, wherein said core
material comprises a material selected from the group consisting of metal

matrix composites and carbon-based materials.

25. The process of claim 23, wherein said core

material is selected from the group consisting of titanium metal, titanium
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alloys, zirconium metal, zirconium alloys, aluminum metal, aluminum alloys,
scandium metal, scandium alloys, magnesium metal, magnesium alloys, high

melting point aluminum-scandium alloys and mixtures thereof.

26. The process of claim 23, wherein said shape

memory alloys comprise NiTiNOL.

27. The process of claim 24, wherein said metal
matrix composites comprise a material selected from the group consisting of
magnesium, aluminum, titanium and alloys thereof, said material being
reinforced by fibres selected from the group consisting of carbon (C), boron

carbide (B4C), silicon carbide (SiC) and mixtures thereof.

28. The process of claim 24, wherein said carbon-

based materials comprise pyrrolytic graphite.

29. The process of claim 16, wherein said protective
layer comprises a material selected from the group consisting of titanium
metal, titanium alloys, zirconium metal, zirconium alloys, hafnium metal,
hafnium alloys, vanadium metal, vanadium alloys, niobium metal, niobium
alloys, tantalum metal, tantalum alloys, chromium metal, chromium alloys,
molybdenum metal, molybdenum alloys, tungsten metal, tungsten alloys,
iridium metal, iridium alloys, rhenium metal, rhenium alloys and mixtures

thereof.

30. The process of claim 17, wherein said
intermediate layer is deposited by a method selected from the group
consisting of electrolysis, electroless plating, currentless electrolysis, physical

deposition and chemical deposition.
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31. The process of claim 17, wherein said
intermediate layer comprises a material selected from the group consisting of
iron, iron alloys, nickel, nickel alloys, cobalt, cobalt alloys, copper, copper
alloys, gold, gold alloys, chromium, chromium alloys, platinum group metals,

platinum group metal alloys and mixtures thereof.

32. The process of claim 31, wherein the platinum
group metals are selected from the group consisting of ruthenium, rhodium,

palladium, osmium, iridium, and platinum.

33. Use of the lightweight, corrosion resistant

composite metallic material of claim 1 as devices in biomedical applications.

34. The use of claim 33, wherein said devices are

selected from the group consisting of prosthetic devices and dental implants.

35. Use of the lightweight, corrosion resistant

composite metallic material of claim 1 for manufacturing industrial electrodes.

36. The use of claim 35, wherein said industrial
electrodes comprise a use in applications selected from the group consisting

of batteries, fuel cells, electrolyzers and supercapacitors.

37. Use of the lightweight, corrosion resistant
composite metallic material of claim 1 for manufacturing corrosion resistant

materials.

38. The use of claim 37, wherein said corrosion

resistant materials comprise a use in manufacturing applications selected
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from the group consisting of piping, valves, pumps, pump casings, impellers,

tanks, and pressure vessels.
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