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ABSTRACT OF THE DISCILOSURE
A metallic article, e.g., a surgical needle, possesses
a multilayer coating exhibiting a brightly colored surface of low
reflectivity which increases the visibility of the article
against its background. A physical vapor deposition (PVD)
procedure, e.g., a cathode sputtering technique, is used 1n

applying the coating to the metallic article.
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METALLIC ARTICLE POSSESSING A BRIGHTLY COLORED SURFACE
OF LOW REFLECTIVITY AND PROCESS FOR PRODUCING SUCH SURFACE

BACKGROUND OF THE INVENTION

This invention relates to a metallic article whose
surface appearance has been altered by the application of a
series of metal-containing coatings thereto. More particularly,

the present invention relates to a metallic article, e.g., a

stainless steel surgical needle, possessing a multilayer coating
exhibiting a brightly colored but relatively nonreflective
appearance for increased visual contrast of the article against
its background, and to a physical vapor deposition (PVD) process
for producing the coating.

Surgical needles possessing dark nonreflective surfaces
which increase their visibility are known. U.S. Patent Nos.
4,905,695, 4,959,068 and 4,968,362 describe such needles and
chemical methods by which the dark nonreflective surfaces can be
produced.

Physical vapor deposition (PVD) embodies a number of
related techniques, e.g., cathode sputtering, D.C. sputtering,
ion plating and arc evaporation deposition, which have been used
to apply a variety of metal-containing coatings to a metal
workpiece so as to improve or modify one or more characteristics
of its surface such as its corrosion resistance, hardness, color,
etc.

German Patent No. 3,841,443 describes a surgical needle
whose surfaces are coated with a wear resistant metal coating
employing a PVD technique. The surgical needle to be coated is
connected to a negative electrical potential of up to 600 V. The
metal to be applied to the needle 1s evaporated at a cathode
under a vacuum of from 1073 to 10”1 mbar in the presence of a

suitable gas to form a nitride, carbide or oxide of the metal on
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the surface of the needle, e.g., titanium nitride or titanium

carbide.

SUMMARY OF THE INVENTION

In accordance with the present invention, a metallic
article, e.g., a stainless steel surgical needle, 1s provided
having a multilayer coating possessing a brightly colored surface
of low reflectivity, the coating comprising:

a) a layer of elemental metal;

b) a layer of brightly colored metal carbon nitride
of high reflectivity overlaying the layer of elemental metal;

and,

c) a reflectivity-diminishing layer of metal carbide
overlaying the second layer of brightly colored metal carbon
nitride.

Further in accordance with the present invention, a
process is provided for applying a brightly colored coating of
low reflectivity to a metallic article which comprises:

a) coating the surface of a metallic article with a
layer of elemental metal, the formation of the elemental metal
layer being effected under physical vapor deposition conditions
in the absence of chemically reactive gas;

b) coating the layer of elemental metal with a layer
of brightly colored metal-containing compound of relatively high
reflectivity, the formation of the latter layer being effected
under physical vapor deposition conditions 1n the presence of a
chemically reactive gas; and,

C) coating the layer of brightly colored metal-
contalning compound of relativély high reflectivity with a layer
of reflectivity-=diminishing metal-containing compound, the
formation of the latter layer being effected 1in the presence of
chemically reactive gas, the thickness of the layer of
reflectivity-diminishing metal-containing compound being such as
to appreciably diminish the reflectivity of the layer of brightly
colored metal-containing compound without significantly

diminishing its bright color.
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The expressions "bright color" and "brightly colored"
are used herein to designate hues such as golden yellow, brenze,
etc., which provide a relatively high level of contrast against a
background of low or moderate color intensity. The expressions
"low reflectivity" and “nonreflective" are used herein to
designate the light reflective characteristics of a treated
metallic surface compared with those of the untreated metallic

surface, the latter generally exhibiting a relatively high level
of reflectivity.

BRIEF_DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates a cathode sputtering

apparatus which can be used 1n accordance with the process of
this invention to provide the surface of a stainless steel
surgical needle with a bright colored, relatively nonreflective
multilayer coating;

Fig. 1A 1llustrates a portion of the surgical needle
mounting fixture employed in the apparatus of Fig. 1; Fig. 2
schematically i1llustrates in plan view the cathode sputtering
apparatus of Fig. 1; and, _

Fig. 3 schematlcally illustrates in plan view a cathode
sputtering apparatus similar to that of Fig. 2 but possessing two
coating zones for the deposition of two different metals and/or

metal~containing compounds.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the process of this invention can be carried out
upon any metallic article, it is particularly well suited to
treating a surgical needle, e.g., of surgical grade stainless
steel such as the 300 or 400 series stainless steels, preferably
the latter. -

Other suitable metals for the fabrication of surgical
needles which can be utilized herein include the quaternary
alloYs disclosed 1n U.S. Patent Nos. 3,767,385 and 3,816,920. A
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sultable quaternary alloy possesses the following ranges of

components:

Broad Preferred Most Preferred

Component - Range Range _____Range

Nickel 10-50 24-45 30-40
Cobalt 10-50 25—-45 30-40
Nickel + Cobalt 50-85 60—-80 65-75
Chromium 10-30 12-24 15-22
Molybdenum, 5-20 8-16 ‘ 10-13

tungsten and/or
niobium (columbium)

A particular quaternary alloy which is suitable for the
manufacture of a surgical needle which can be coated in
accordance with of this invention, designated MP35N, is available
in wire form from Maryland Specialty Wire, Inc., Cockeysville,
Maryland and contains (nominal analysis by weight): nickel, 35%;
cobalt, 35%; chromium, 20% and molybdenum, 10%.

The metal or metals which are selected for application
to the surface of the metallic article can be selected from
amongst any of the metals whose carbon nitride provides a bright
color and whose carbide when superimposed on the carbon nitride
diminishes the latter's reflectivity without significantly
diminishing its bright color. Suiltable metals include Al, V, Cr,
Fe, Co, Ni, Cu, Zn, Ge, Y, Mo, Ru, Rh, Pd, Ag, Au, Cd, In, Sn,
Sb, Ti, Ta, W, Ir, Nb and Pt. For surgical needles, Ti has been

found to provide especially good results.

While it is often a matter of convenience to employ a
single metal, it is also within the scope of the invention to use
a different metal or combination of metals in a given coating
step to achieve differing effects. Thus, as shown in Fig. 3,
cathode metal plates 50a and 50b of a first metal, e.qg.,
titanium, occupy a first coating zone 51 while cathode metal
plates 60a and 60b of a second metal, e.g., aluminum, gold,

niobium, tungsten, zirconium, etc., occupy a second coating zone
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61. Many other arrangements and combinations are, of course,
possible.

The metal is applied to the surface of the metallic
object under PVD conditions in a sequence of coating steps, each
step resulting in the deposition of a layer of specific
composition. Thus, the initial coating step 1is carried out in
the absence of a chemically reactive atmosphere and results 1n
the deposition of the metal 1n 1its elemental form upon the
surface of the needle. In general, the conditions of this
coating step can be such as to lay down a metal layer having a
thickness of from about 0.05 to about 2 microns, and preferably
from about 0.1 to about 1 microns. The subsequent coating step
is carried out in the presence of a gaseous mixture of nitrogen
and a hydrocarbon, e.g, ethylene, and results in the deposition
upon the previously deposited elemental metal layer of a layer of
metal carbon nitride having a thickness of from about 0.1 to
about 5 microns, and preferably from about 1 to about 4 microns.
This metal carbon nitride layer possesses a deslrably bright
color, e.g., golden yellow, bronze, or the like, which provides
good visual contrast against most background hues the needle 1is
likely to encounter in use. However, the bright color also
exhibits a relatively high level of reflectivity which, in the
case of a surgical needle, can offset the benefit of greater
visual contrast. Accordingly, in the next coating step, the
atmosphere of the PVD environment 1s changed to that of a
hydrocarbon gas, e.g., ethylene, resulting in deposition of a
layer of metal carbide which has the effect of reducing the
reflectivity of the underlying metal carbon nitride layer
without, however, appreciably diminishing the'bright color of the
latter. In general, the metal carbide layer can be deposited to
a thickness of from about 0.05 to about 2 microns and preferably
from about 0.1 to about 1 microns. If necessary or desirable, an
additional coating step can be carried out under the same or
similar conditions as the second coating step to deposit another
layer of brightly colored metal carbon nitride. This further

coating step would ordinarily be carried out only 1if the previous
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coating step were to result in an excessive diminution in the
bright coloration of the previously deposited metal carbon
nitride layer.

A preferred PVD technique employs the well known
procedure of cathode sputtering which involves placing the
coating metal and the metallic article to be coated in a heated
vacuum chamber, e.g., maintained under a pressure of from about
10~3 to about 10~® Torr and a temperature of from about 80 to
about 180°C, the coating metal constituting the cathode and the
metallic article and 1ts support means constituting the anode.
The chamber 1s provided with electrical connectors and controls,
sources of nitrogen gas and hydrocarbon gas a heating means,
e.g., a resistance coll, and means for rotating the support means
for the metallic article(s) within the chamber. For details of a
suitable PVD technique of the cathode sputtering Variety,
reference may be had to the disclosure of U.S. Patent No.
4,895,765,

| It is further within the scope of this invention to

siliconlze a surgical needle which has been coated in accordance

with the present invention.

The amount of force required to pass a surgical needle
through tissue, i.e., the penetration force, has béen found to be
significantly less for a surgical needle which has been coated
and subsequently siliconized in accordance with this invention
than a surgical needle which has merely been coated or
slliconized. Briefly described, the preferred siliconization

procedure comprises applying to a surface of the previously

therewith and thereafter curing the siliconization material to
provide an adherent silicone coating on the needle. One suitable
method for achleving siliconization of the needle utilizes the

siliconization material and procedures described in U.S. Patent
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No. 3,574,673. The siliconization material includes (a)

from about 5-20 welght percent of an aminoalkyl siloxane

of the formula

10

20

30

R

|
QoN(CH2) 3S1¥K03-a-b I
' 2

in which R is a lower alkyl radical'containing no more than about

6 carbon atoms; Y 1s selected from the group consisting of —OH

and —OR' radicals 1n which R!' i1s an alkyl radical of no more
than 3 carbon atoms; Q is selected from the group consisting of

hydrogen, —CH5 and —CH,CHoNH»; a has a value of 0 or 1, and b

has a value of 0 or 1 and the sum of a+b has a value of 0, 1 or
2, and (b) from about 80 to 95 welght percent of a methyl
substituted siloxane of the formula
R"Si0;:g I1
| 2
CH1
in which R" is selected from the group consisting of —OH and

—CH4 radicals and ¢ has a value of 1 or 2. In addition to, or

in lieu of, the foregolng second copolymerizable siloxane, one
can use one or more cyclosiloxanes, e.g., as described in the

"Encyclopedia of Polymer Scilience and Engineering", Mark et al.,
eds., 2nd ed., John Wiley & Son (1989),.Vol. 15, p. 207 et seq

provided, of course, the total amount of second copolymerizable

siloxane(s) is within the aforestated range.

A particularly preferred siliconization material is Dow
Corning Corporation's Dow Corning® MDX 4-4159 Fluid ("MDX
Fluid"), a 50 percent active solution of dimethyl cyclosiloxanes
and dimethoxysilyldimethylamiho-ethylaminopropyl silicone polymer
in a mixture of Stoddard solvent (mineral spirits) and isopropyl

alcohol.
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MDX Fluid or other siliconization fluid can be applied
to a surface of the cleaned surgical needle by dipplng, wiping,
spraying, etc., in the form of a dilute organic solution, e.qg.,
prepared with a solvent such as hexane, trichlorotrifluoroethane,
1,1,1-trichloroethane or mineral spirits. 1In general, 1t 1s
preferred to dilute the siliconization material 1in a hydrocarbon
solvent possessing from 5 to 10 carbon atoms, e.g., pentane,
hexane (which is preferred), heptane, octane, etc. MDX Fluid
cures at room temperature to provide an adherent silicone
coatilng.

Spraying is a preferred method of applying the
siliconization fluid, at least in the case of a surgical needle
possessing a suture-receiving axial bore, or recess, or a
surgical possessing a reduced shank end. In the case of the
latter, it is preferred to insert the shank portion of the needle
into a support block, e.g., of rigid foam, and thereafter to
spray the siliconization fluid onto the exposed surface of the
needle. Since the shank end of the needle is embedded in the
support block, it will remain free of silicone during the
spraying procedure. The use of a support block can, of course,
also be employed in the case of the axlal recess type needle to
prevent siliconization material from entering the recess. It 1is
preferable that the coated needle while still in its support
block be subjected to curing conditions. If this 1involves heat,
it will, of course, be necessary to select a support block
material which can withstand the elevated temperature selected
for curing.

The process of the invention will now be illustrated
with the coating of a curved stainless steel surglcal needle

employing titanium as the coating metal.

EXAMPLE 1

— el

A quantity of stainless steel surgical needles of Kknown
type, each having an axial bore at its blunt end for receilving
the tip of a suture at the time of suture-needle attachment, are

cleaned by submersion in three consecutive baths of 99 weilght
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percent ethanol or other suitable solvent. The effectiveness of
the solvent cleaning operation can be enhanced, 1f desired, by
ultrasonic cleaning the details of which are well known in the
art. The solvent—-wetted needles from the third bath are placed in
a clean, dry ceramic dish where they are allowed to dry,
advantageously by exposure to hot air, e.qg., at a temperature of
from 25 to 95°C and preferably at 80°C.

As shown in Fig. 1, the cleaned needles are placed on a
drum-like rotatable needle mounting fixture 30 which 1is
positioned within heated vacuum chamber 20 of cathode sputtering
unit 10 which is generally of a known type. As shown 1in the
enlarged section of mounting fixture 30 1llustrated in Fig. 1A,
the fixture includes a circular rack 31 possessing a number of
pins 32. Each pin is intended to be received within axial bore
41 (shown in dotted outline) formed in the blunt end of a
surgical needle 40 thus providing a means for mounting a quantity
of needles in chamber 20 and moving the needles 1n a circular
path within the chamber. While Fig. 1 shows but a single needle
mounting fixture 30 in place, 1in practice, a number of such
fixtures, all supported on rotatable shaft 33 through crossarm
supports 34 and vertical members 35, would be installed in vacuum
chamber 20. The radius from the center of shaft 33 to the edge
of rack 31 can vary considerably and 1s advantageously from about
10 to about 20cm.

As shown 1n Figs. 1, 2 and 3, needle mounting fixture
30 with needles 40 supported thereon 1s connected as the anode
and titanium (99% pure) plates, or "targets", 50a and 50b are
connected as the cathode to a current source by suitable electric
connectors and controls. Space 51 lying between the titanium
plates 1s referred to as the "sweet zone'". A shutter plate 52

which may be made of the same material as the workpiece, e.q.,
stainless steel in the case of a surgical needle, possesses such
a configuration as to occupy the entirety of sweet zone 51 when
interposed between titanium plates 50a and 50b.

Following sealing of vacuum chamber 20, a vacuum of

about 7.5 X 10~°2 Torr is drawn on the chamber. The chamber 1s
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heated to 120°C for 5 minutes with the needle mounting fixture
rotating at about 1 rpm with a flow of argon of 400 SCCM
(standard cubic centimers per minute).

An optional plasma etch cleaning step 1s advantageously
carried out to slowly remove oxides from the surface of the
needles prior to the commencement of the coating process herein.
This optional cleaning step can be carried out in stages, e.q.,
in three stages. In the first stage, the needle mounting fixture
is rotated in the vacuum chamber for 5 revolutions at about 0.8
rpm with a voltage and current of 490-500V and 0.08-0.1A,
respectively. Concurrently, targets 50a and 50b carry a charge of
270-300V and a current of 0.6-0.12A with a gas flow of 300 SCCM
argon. In the second stage, the needle mounting fixture 1is
rotated for 4 revolutions at about 0.8 rpm with a voltage and
current of 690-700V and about 0.1A, respectively, the targets
carrying a charge of 270-300V and a current of 0.06-0.12A with a
gas flow of 300 SCCM argon. In the third stage of the optional
plasma cleaning step, the needle mounting fixture is rotated for
3 revolutions at about 0.8 rpm with a voltage and current of 890-
900V and about 0.1A, respectively, the targets carrying a charge
of 270-300V and a current of 0.06-0.12A with a gas flow of 420
SCCM argon.

As a result of the plasma etch cleaning operation,
oxides removed from the anode, 1.e., needle mounting fixture 30
and needles 40, will deposit upon the cathode, i.e., titanium
plates 50a and 50b, from which they must be removed prior to the
start of the coating process for otherwise they will redeposit

upon the anode surfaces. To remove the oxides from the titanium

plates, mounting fixture 30 1s maintained in a nonrotating state
with shutter plate 52 disposed between the titanium plates. A
voltage of about 270-300V and a current of about .06-0.12A
applied over a period of about 2 to 3 minutes causes the oxides,
probably with some titanium metal, to be removed from the
titanium plates and deposited upon the shutter plate.

To coat the plasma etched surface of the needles, pure

titanium 1is dynamically applied to the needles to a thickness of

- 10 =~
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about 0.18-0.22 microns employlng a charge of 475-495V and a
current of 7-7.2A in the presence of a gas flow of 200 SCCM argon
and employing a negative bias of 135V on the needle substrate.

In the next coating operation, a layer of titanium
carbon nitride is dynamically applied to the previously applied
titanium layer to a thickness of about 0.24-0.3 microns employing
a charge of 548-558V and a current of 7.0-7.2A 1in the presence of
a mixture of argon at 198 SCCM, nitrogen at 150 SCCM and ethylene
at 11 SCCM and employing a negative blias of 120V on the needle
substrate. The resulting titanium carbon nitride exhibits a
bright bronze color. To diminish the reflectivity of the
titanium carbon nitride layer, a layer of titanium carbide 1is
dynamically applied thereto to a thickness of about 0.24-0.26
microns employing a charge of 520-540V and a current of 6.0-6.2A
in the presence of a mixture of argon at 198 SCCM and ethylene at
50 SCCM and employing a negative bias of 120V on the needle
substrate. The resulting titanium carbide layer exhibits a
grayish hue which diminishes the reflectivity of the underlying
titanium carbon nitride layer.

With two minutes of static deposition onto shutter
plate 52, targets 50a and 50b are cleaned in preparation for an
optional color adjustment step which provides the final color of
the needles. In this optional step, a layer of titanium carbon
nitride is dynamically applied to the previously applied titanium
carbide layer to a thickness of 0.68-0.72 microns employing a
charge of 548-558V and a current of 7.0-7.2A 1in the presence of a

mixture of argon at 198 SCCM, nitrogen at 150 SCCM and ethylene
at 11 SCCM and employing a negative bilas of 120V on the needle

substrate. This final layer exhibited a bronze color of
relatively low reflectivity.

The vacuum chamber is cooled over a 5 minute period
with a flow of argon of 400 SCCM.

It is also contemplated that numerous color variations
can be achieved employing the process of this invention, e.g., by

applying different metals in one or more coating steps as
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previously indicated. In order to facilitate such processes, the
vacuum chamber of the cathode sputtering apparatus preferably
includes a second coating zone 61 as shown 1in Fig. 3. The first
coating zone 51 1is substantially as described above in Figs. 1

and 2. The second coating zone of Fig. 3 preferably possesses

- targets of a metal from the same family of the periodic table as

the metal cathode plates of the first coating zone. For example,
when the metal plates of zone 51 are selected to be titanium, the
target metal of second zone 61 can advantageously be aluminum,
gold, niobium, tungsten or zirconium. During the first coating
step, a titanium base layer will be applied substantially as
described above while second zone 61 is inactive. During the
second coating step, both coating zones would be active so that
titanium would be applied in first zone 51 and the second metal
would be applied in the second zone 61. Of course, the first and
second coating zones can be activated sequentially with or
without a period of simultaneous operation to provide particular
results. As in the embodiment of the process described above,
gases such as nitrogen and acetylene can be added in the vicinity
of the target plates of elither or both zones 1n order to provide
a coating of a desired color. The third, brightness reducing
layer would then be applied, optionally followed by a
comparatively thin fourth color laYer.

EXAMPLE 2

This example i1llustrates a siliconization process

to apply a silicone coating to needles which have been

coated in accordance with the present invention.

The needles are placed 1n a basket and immersed in an
ultrasonic cleansing unit containing a 2% by weight distilled
water solution of *Liquinox (an agqueous soap concentrate from
Alconox, Inc., New York City) for 5 minutes. The basket 1is
ralsed to the vapor section of the unit and held there for
another 5 minutes. The needles are then dried and after 20

minutes are transferred to a second basket which is immersed for

*Trade-mark - 12 -
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30 seconds 1n a siliconization medium prepared from 1 part

by volume of MDX Fluid and 9 parts by volume of hexane as

solvent. Following drainage of excess siliconization

medium, the needles are spread on a tray and heated for 16

hours at 120°C to effect curing of the silicone coating.
EXAMPLE 3

To compare the tissue penetration characteristics
of needles which have been coated in accordance with this
invention and those of uncoated needles, and the tissue
penetration characteristics of needles which have been
coated in accordance with this invention and silliconized in

accordance with a siliconization process and those of

uncoated needles which have been siliconized by the
aforesaid method, the penetration forces of .022 1nch
diameter straight taper point surgical needles were measured
by individually passing the needles through *Porvair (Inmont
Corporation), a microporous polyurethane membrane of about

.042 inches thickness serving as a simulation of flesh.

Measurement of the needle penetration forces was

accomplished using the test procedure and apparatus
described in U.S. Patent No. 5,181,416. The test was

performed by a testing fixture and an *Instron Universal

Testing Machine. The surgilical needles were mounted 1n a ‘
gripping clamp which fixed the needle 1n a position
perpendicular to the Porvair surface. The néedle was moved
into the Porvalr which was mounted on top of an Instron load
cell. The maximum amount of vertical force 1s recorded as
the needle is pushed through the Porvair.

The needle penetration force measurements were as

follows:

*Trade-mark

- 13 -
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Average Penetration Force

Type of Needle For 10 Needle Samples (Grams
Uncoated, non- 420
5 siliconized
(control)
Uncoated but 182
siliconized
10
Coated but 239

non-siliconized

Coated and 129
15 siliconized

As these data show, surgical needles which
have been coated in accordance with this invention and
20 thereafter siliconized in accordance with a siliconization
process exhlbit far less average penetration force than
surgical needles which have receilived only one or the

other of these fLreatments.

- 14 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A metallic article having applied thereto a
multilayer coating possessing a brightly colored surface of low
reflectivity, the coating comprising:

a) a layer of elemental metal;

b) a layer of brightly colored metal carbon nitride
of high reflectivity overlaying the layer of elemental metal;
and,

C) a reflectivity-diminishing layer of metal carbide
overlaying the layer of brightly colored metal carbon nitride.

2. The metallic article of Claim 1 whereiln the
elemental metal, the metal component of the metal carbon nitride
and/or the metal component of the metal carbide 1is one or more
metals selected from the group consisting of Al, V, Cr, Fe, Co,
Ni, Cu, 2Zn, Ge, Y, Mo, Ru, Rh, Pd, Ag, Au, Cd, In, Sn, Sb, Ti,
Ta, W, Ir, Nb and Pt.

3. The metallic article of Claim 1 whereln the
elemental metal is titanium, the metal carbon nitride is titanium
carbon nitride and the metal carbide is titanium carbide.

4. The metallic article of Claim 1 which 1is a
surgical needle.

5. The metallic article of Claim 1 which 1is a

surgical needle fabricated from an alloy comprising nickel,

cobalt, chromium and at least one metal selected from the group

consisting of molybdenum, tungsten and niobium.

6. The metallic article of Claim 1 which 1s a
surgical needle and wherein the elemental metal, the metal
component of the metal carbon nitride and/or the metal component
of the metal carbide 1is one or more metals selected from the
group consisting of Al, V, Cr, Fe, Co, Ni, Cu, Zn, Ge, Y, Mo, Ru,
Rh, Pd, Ag, Au; cd, In, Sn, Sb, Ti, Ta, W, Ir, Nb and Pt.

7. The metallic article of Claim 1 which 1s a

surgical needle and wherein the elemental metal is titanium, the
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metal carbon nitride is titanium carbon nitride and the metal
carbide 1is titanium carbide.

8. The metallic article of Claim 1 which is a
surgical needle fabricated from an alloy comprising nickel,
cobalt, chromium and at least one metal selected from the group
consisting of molybdenum, tungsten and niobium and wherein the
elemental metal, the metal component of the metal carbon nitride
and/or the metal component of the metal carbide is one or more
metals selected from the group consisting of Al, V, Cr, Fe, Co,
Ni, Cu, 2n, Ge, ¥, Mo, Ru, Rh, Pd, Ag, Au, Cd, In, Sn, Sb, Ti,
Ta, W, Ir, Nb and Pt.

9. The metallic article of Claim 1 which is a
surgical needle fabricated from an alloy comprising nickel,
cobalt, chromium and at least one metal selected from the group
consisting of molybdenum, tungsten and niobiﬁm and wherein the
elemental metal is titanium, the metal carbon nitride is titanium
carbon nitride and the metal carbide is titanium carbide. '

10. The metallic article of Claim 4 further comprising
a silicone coating applied to the outer layer.

11. The metallic article of Claim 10 wherein the
silicone coating i1is obtained from an aminocalkyl siloxane and at
least one other siloxane copolymerizable therewith.

12. The metallic article of Claim 5 further comprising
a silicone coating applied to the outer layer.

13. The metallic article of Claim 12 wherein the
silicone coating 1s obtalined from an aminoalkyl siloxane and at
least one other siloxane copolymerizable therewith.

14. The metallic article Qf Claim 6 further comprising
a silicone coating applied to the outer layer.

15. The metallic article of Claim 14 wherein the
silicone coating is obtalned from an aminoalkyl siloxane and at
least one other siloxane copolymerizable therewith. -

16. The metallic article ¢of Claim 7 further comprising
a silicone coating applied to the outer layer.

- 16 -
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17. The metallic article of Claim 16 wherein the
silicone coating 1s obtained from an aminoalkyl siloxane and at
least one other siloxane copolymerizable therewith.

18. The metallic article of Claim 8 further comprising
a silicone coating applied to the outer layer.

19. The metallic article of Claim 18 wherein the
silicone coating is obtained from an aminocalkyl siloxane and at
least one other siloxane copolymerizable therewith.

20. The metallic article of Claim 9 further comprising
a silicone coating applied to the outer layer.

21. The metallic article of Claim 20 wherein
the silicone coating is obtained from an aminoalkyl siloxane and
at least one other siloxane copolymerizable therewith.

22. A process for applying a brightly colored surface
of low reflectivity to a metallic article which comprises:

a) coating the surface of a metallic article with a
layer of elemental metal, the formation of the elemental metal
layer being effected under physical vapor deposition conditions
in the absence of chemically reactive gas;

b) coating the layer of elemental metal with a layer
of brightly colored metal-containing compound of high
reflectivity, the formation of the latter layer being effectea
under physical vapor deposition conditions 1n the presence of
chemically reactive gas; and,

c) coating the layer of brightly colored metal-
containing compound of high reflectivity with a layer
of reflectivity-diminishing metal-containing compound, the
formation of the latter layer being affected under physical vapor
deposition conditions in the presence of chemically reactive gas,

the thickness of the reflectivity-diminishing layer of metal-
containing compound being such as to diminish the reflectivity

of the layer of brightly colored metal-containing compound

without substantially diminishing its bright color.
23. The process of Claim 22 wherein the surface of the

metallic article is substantially free of oxide prior to coating

step (a).
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24, The process of Clalim 22 wherein coating steps (a),
(b) and (c) are each carried out under cathode sputtering
conditions. '

25. The process of Claim 22 wherein the elemental
metal, the metal component of the brightly colored metal-
containing compound and/or the metal component of the
reflectivity-diminishing metal-containing compound is one or more
metals selected from the group consisting of Al, V, Cr, Fe, Co,
Ni, Cu, Zn, Ge, Y, Mo, Ru, Rh, Pd, Ag, Au, Cd, In, Sn, Sb, Ti,
Ta, W; Ir, Nb and Pt.

26. The process of Claim 22 whereln the brightly
colored metal-containing compound 1s a metal carbon nitride and
the reflectivity-diminishing metal-containing compound is a metal
carbide. |

27. The process of Claim 26 wherein the elemental
metal,'the metal component of the metal carbon nitride and/or the
metal component of the metal carbide is one or more metals
selected from the group consisting of Al, V, Cr, Fe, Co, Ni, Cu,
Zzn, Ge, Y, Mo, Ru, Rh, Pd, Ag, Au, Cd, In, Sn, Sb, Ti, Ta, W, Ir,
Nb and Pt.

28. The metallilc article of Claim 26 whereln the
elemental metal is titanium, the metal carbon nitride is titanium
carbon nitride and the metal carbide 1s titanium carbide.

29. The process of Claim 22 wherein the metallic
article 1s a surgical needle.

30. The process of Claim 29 further comprilsing the
step of applying a silicone coating to the outer layer.

31. The process of Claim 30 wherein the silicone
coating is obtained from an aminoalkyl siloxane and at least one

other siloxane copolymerizable therewith.
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