-t~ PROCESS FOR LASER MARKI NG METAL SURFACES The present invention relates
to a process for |aser marking netal surfaces. In particular, the
invention relates to a nmethod of |aser marking which conprises applying a
| aser beamto a netal surface under the influence of an assist gas to
produce durable, 5 repeatable and striking colours on the netal surface.
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t hese techniques unsui pro at]iS
desirable. Laser marking is regarded as a highly flexible process for creating patterns on

articles, including metal articles. However, conventional laser marking techniques
15 engrave on metal surfaces to form rough grooves with brown or black burn marks to
create the marking contrast. These marks are not generally attractive from the cosmetic

view point.

Printing and emulsion coating are also common techniques used for the decoration

of metal surfaces. However, scratch and wear resistance of such coatings and the fading

20 of colours of these coatings with time are recognised problems associated with these
coatings. Hard coatings, such as of TiN have also been used for protective and
decorative applications. Deposition of such hard coatings is generally achieved by flame

and plasma spraying, sputtering and vacuum evaporation or the like. However, these
coatings often have coarse surfaces and provide poor uniformity. Furthermore, using

25 such techniques multiple steps are required to create coatings of multiple colours. In this
regard, inflexibility in changing the applied colours and patterns generally makes these

techniques unsuitable for product personalisation.

Decorative coatings on metal surfaces may also be prepared by electro-chemical

treatments in aqueous electrolytes. Such techniques generally employ certain voltages



Decorative coatings on netal surfaces may al so be prepared by _

el ectro-chem cal treatnents in aqueous el ectrolytes. Such techni ques
generally enploy certain voltages -2- and electrical currents as descri bed
in United States Patent No. 4,869, 789. InZthese processes, changing the
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directed thereon at a predeterm ned gas pressure and flowate to facilitate
controlled oxide filmformation on said netal surface where said |aser is

appl i ed. TREMMWERNY ICINTHISINYENTIOBE netal surfaces including a mark
applied by the process described in the i mredi at el y precedi ng paragraph,
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advantageous y prOV| process f I'aser |ng a
{ilm formation on sald metal surface where said laser is applied.

The invention also provides metal surfaces including a mark applied by the process
described in the immediately preceding paragraph, or a substrate or article including such a

15  metal surface.

BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed description of embodiments of the invention will now be described

with reference to the accompanying drawings in which:
Figure 1 illustrates the introduction of an assist gas to a substrate via a nozzle;

20 Figure 2 illustrates the introduction of the assist gas to a substrate by an alternate

means; and

Figure 3 illustrates the introduction of the assist gas to a substrate as a laminar

flow.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention advantageously provides a process for laser marking a metal
surface to produce flexible, durable, high contrast and multiple-colour patterns. The
process employs a laser beam of predetermined wavelength and beam energy , applied to

the metal surface under the action of an assist gas to control the formation of oxide films



surface to produce flexible, durable, high contrast and nultipl e-col our
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" colouration. Moreover, using Oy as the assist gas, it has been found that the number of

laser pulses needed to achieve a particular result is about half that required to achieve the
20 same resull using air as the assist gas. On the other hand, other gases such as nitrogen,
helium and argon may be used to control the oxidation process by reducing the Oy content
in the atmosphere at the metal surface. In this case, the oxidation process will be slowed
down enabling a finer control of the growth of the oxide film. As a result, more colour

shades may be made available.

25 The gas may be applied to the metal surface by any suitable means, as will be
described hereafter in more detail, but is advantageously directed to the surface in a
continuous manner, for example, via a nozzle or as a laminar flow across the surface of the

metal substrate to which the beam is being applied.

The gas pressure and flow rate of the assist gas may be selected to ensure that the
30 film formation according to the invention on the metal surface is facilitated. Preferably,
the assist gas is supplied to the metal surface at a pressure of from 0.5 to 3 bar and at a

flow rate of from 50 to 100 I/min.



25 The gas may be applied to the netal surface by any suitable neans, as:
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colour effect and the resolution of the colour image. A Q-switched solid-state YAG laser
as described in the prior art has much wider HAZ and therefore lower resolution of a
20 marked-image. Longer wavelength (e.g. infrared laser of a Q-switched YAG) as used in
the prior art may also lead to surface damage including grooves due to material removal or
changing the surface structures of the original surface as already discussed. The lasers

employed in the present invention are advantageously selected to produce no damage to

the original surface,

25 It has been found that using a Q-swilched CW solid-slate YAG laser at a
wavelength of from 532 nm to 1060 nm at various levels of power density, speeds, beam
overlaps etc, the colour spectrum and shades of colours are not as wide as those achieved
using UV lasers. For example, green colouration cannot be achieved. The beam is

selected to minimise the thermal effect caused by the laser beam.

30 As herebefore stated, the laser may be applied to the metal surface in either
continuous wave or pulse mode. If applied in pulse mode, the laser pulse duration affects

the oxidation process at the metal surface given that it determines the peak power of the



20. mar ked-i nage. Longer wavel ength (e.g. infrared laser of a Q sw tched
YAG as used in the prior art may also lead to surface damage including
grooves due to material renoval or changing the surface structures of the
ori gi nal surface as aIready di scussed. Th&-lasers enployed in the present
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given to thel gL king of the transition netals and stainless steel given
their conmmon usage in the areas envisaged to be of particular relevance to
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y include,
-example, wet blasting, mechanical and chemical polishing or the like. Generally, highly-
polished surfaces will provide for a wider range of colours and brighter colours than
would a dull surface. For example, if all other parameters remain constant, it has been
found that a mirror finish titanium plate (shiny with an Ra value of 0.0253 micrometer)
20 is marked, a wide range of colours and bright colours can be achieved. If a sandblast
surface which is relatively dull (Ra value of 0.6 microns) is marked, only a few dull
colours can be achieved, generally dull grey and brown. As such, the pretreatment
preferably provides the metal surface with a smooth, uniform and bright finish. More
preferably, the pretreatment provides the surface with an Ra value of less than 0.5

25  micron, even more preferably with an Ra value of less than 0.1 micron.

The laser is advantageously applied to the metal surface in a predetermined
manner to create a desired colour or colours as the marking on the metal surface. More
particularly, the laser may be applied in the process of the present invention to form a
pattern on the metal surface. In this regard, the manner in which the laser is applied to

30 create the desired colour or colours includes any one of varying the number of laser
pulses for a given laser beam power density or pulse energy density, varying the distance

between laser beam spots, varying the beam energy density or power density, marking



15 thereto. The pretreatnment of the surface may be sel ected as desired and
may include, for exanple, wet blasting, nechanical and chemical polishing °
or the like. Generally, highly poli sheda?surfaces will provide for a wi der
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| .
mrror fi i Shty pPARELaRE; HIFVElnd BB, BLAERShARk ki BFSYRGSR miRR Rt ®
20 i s mar k&at@rmvimg Heaﬁtgﬁe\in Q! fouresampld, tah'y ght fodyauh®niany bevatkheved.

| f a sandblast surface which is relatively dull (Ra value of 0.6 m crons)
i s mar ked, M3k Baving B dgeired paitsrp i fé:lann%@mehp%a/wtalg@rféecalspgmm thedaw

and brown r eat.ment eferably p surface
i th o st S hiFa Rt GHIE RbmeBie TR haPeileafiiy Mgy dR Abvattd
pretreat meRlatRe @yu@eﬁsém%aﬁp%a@ @he%éam i’s”kéﬁ shabiayOf REQISIINGNHE rRarks

m cron, even nore preferably with an Ra value of léss than 0.1 m cron. he

| aser is cpphed agél@us&ttyl apfﬂcaenla}t be nheednby alarisus freers inchaling eavyinr Wiedacr
manner to .creat.e a(ij colour or colours as.t er’rﬁﬁ gonthegﬁmal
sur f ace. I\I?r?P‘é’ Stfar Bﬁ‘l“&r?%?c“‘@h‘é“%% CHB\SPRE, SPIIRedDT HaYehPEpToRLLe dpd¢ he

present i nyenbHiRR mudYrMhakspattern on the netal surface. In this regard,
t he manner\ﬁﬁﬂ )\//fhgch tshe aser is applied to 30 create the desired col our or

[ asor beam powat "aeiter Borroloi s “Eicarf PHERGTs JorroBGH e AHialhictllan@u® V"

bet wee | apfris Baanhspet x%etal’ ihddd chRArdesm l%aﬁ&hﬂ ANkl NiePQWetogNslt Y,
mar ki ng -6- already marked areas and varying | aser beam scanni ng speed or

subst r at e withvthoge Sproexd. corﬁuplamg drenproeyssoet raoisi Empdrzintyre f brlsé)edimxkletrhaaﬂyls one
of synchroni zi ng novene a . mask havin ‘i“g oJ 1red gattern with th
aser

movenent &¥2Ya Pirets? E‘EEPEaBg the dnfFRpiLgaHMe O St e {het glevate

surface u ut I t ol a V,

relative t%S rgﬁF%s At beg%:t% {Efl ﬁﬁ?‘%eg% }cdsrﬂ epl{mﬁé{ast %g%%?yﬁ[{%g 8?%% 8?1 of
the marki mgsalliappd Ia&zdhﬂgbeit mecdma’aal thaw (foae €ornme dmeo@htteﬁ@dxdmyreva% Quich, TkaNs
including varying the laser beam size, adjusting spaci nqlwet ween beam

spot s,15 sShRFISEES 1HEVRHAROUHE LonEvEed Rlearhplavatedrsipi 3t dlealipye abPuARNS. Ift
has also beqp.fguad,thal WEMLRGRECERS Rl REl QF Y Rlerf! SUREEE during
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application of the laser may be a further means by which variation in the colours applied

may be achieved.

Referring to the drawings, Figure 1 illustrates the application of an assist gas to a

20 substrate 13 to which a laser beam is being applied through a lens 11. The assist gas is
in this case introduced to the surface 12 of the substrate 13 through an inlet 14 of a
nozzle 15. The assist gas passes through the inlet 14 into the chamber of the nozzle 15

and out through the nozzle outlet 16 directly to the surface 12 of the substrate 13 to
which the laser is being applied. According to this embodiment, the direct application of

25  the assist gas to the point of application of the laser beam is provided for by the nozzie

15.

Figure 2 illustrates a sumilar situation as that ilustrated in Figure 1 insofar as an
assist gas is infroduced via an inlet 14 to the surface 12 of the substrate 13 to which the
laser beam is being applied. However, in this case, rather than a nozzle, there is

30 provided a cylindrical chamber 25 which is applied to the surface 12 of the substrate 13.

This ensures that the atmosphere within the chamber, and therefore the atmosphere at the
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enbodi ment padshe ttdhﬁgctlle&ﬂﬁﬂeism f6nsOf ladfindr 0@ 86Hcst tgasurtRetine AR Mbshite
application of the | aser beamis provided for by the nozzle 15. Figure 2
i |1 ustrat ed3 40 sihieh Hie laser hgtiinols beng kpplieil] |'This cenfigiirptiorrprdiianeaggoushs efsaresas
an assj st i s introduced via ansinlet 14 to the surface_.l12 of .the
substrdle 490 SoHThAChE btfe Tal il e dat e Pob Rbot Ratiop ohie
case, rathgged i B RO%ALE withNEEGhstany BOhiRLAYAH 8 it £4lst BAY T cal chanber 25
which is applied to the surface 12 of the substrate 13.” This ensures that

t he at nosphere wi.thin.t r nd .t fare e
surface 12 to wmef:?é]{}ﬁeaﬁgggﬂga%aﬁgqge?ﬁléﬁggéIqf;g’?a“?élggﬁg\r}iﬁ gg%ra\%mx%rﬂﬁéfy
st eady fl opregfrrdchembaginicats gshe liflvehtibHr t RBveads et HAbelceBOadidmREd thitethe
assi st gas may be introduced via an _inlet 14 of a box 35 which is

posi t i onedea@pieeate pryidadbirr Hlustragveapueosssnonlyi Fidygheuld. norhe consgraisd sas

gas hayi ng;.been passed into.the box 35 exits via outlets 36, which may
inel u d\ég a llm?{ln% 1R G8vention i any way.

Example 1  Parameters for laser-produced yellow on titanium (polished using a sand

paper, grade p600)

- Laser wavelength: 248nm

- Beam pulse energy: 260mJ
20 - Assist gas O2: I bar

- Beam overlaps: 12

- Beam energy density: 1J/cm?

Example 2 Parameters for laser-produced brown on titanium (polished using a sand

paper, grade p600)

25 - Laser wavelength: 248nm
- Beam pulse energy: 260mJ
- Assist gas O2: 1 bar
- Beam overlaps: 14
- Beam energy density: 1J/cm?

30 Example 3 Parameters for laser-produced purple on titanium (polished using a sand

paper, grade po00)



plurality of outlets as shown in the Figure or which may alternatively
include a slit which extends along the side of the box 35 adjacent the
substrate 13. The assi st gas having passed through the outlets 36 fornms a
| am nar flow across the surface 12 of thé& 'substrate 13 to which the |aser
beamis being gpplied. . This configu i on advant ageously ensures to that

t he at rmsﬁherea[é%%ﬂtﬁgv%ﬁ?%tg‘ce 12 of EEE?l%]Iglg?substrate 13 at the point of
applicatiaon of gdag pligseserppam i s ppewhpded with a constant |am nar flow of
the assist gas. Reference wll now be nade to a nunber of exanples to
further exenpl iAspist pae@drred enbodi ibars of the invention. However, it
shoul d be recogﬂai sed that the exa %es are provided for illustrative

pur poses only attdsHéi@5 not be construed as 15 liniting on the invention

in anysway. Exquhleedeég@am?_ers fofy/L@8er-produced yellow on titanium
(pol i shed using a san papef, grade p600) - Laser wavel ength: 248nm -

Beam pul s X O,- i St X o k2, -
Beam ener oy Agiel 1y P INeRE raMRTaThaBRR e en B RO TRy,
on titani yad pet strade ys0mMy a sand paper, grade p600) 25 - Laser

wavel engt h: 248nm - Beam pul se energy: 260m)] - Assist gas 02: 1 bar -
Beam over Faps: Lader-wBgdmgdner gy den%"r&lw | J/cn2 30 Exanple 3 Paraneters for
Iaser-produced’BourpIe[\ on titani um (f&J,{]JShed using a sand paper, grade

p600) -8- "Lase Engthey 248nm
0 - Assist gas O2: 1 bar
- Beam overlaps: 20
- Beam energy density: 17/cm?

Example 5 Parameters for laser-produced sky blue on titanium (polished using a sand

paper, grade p600)

15 - Laser wavelength: 248nm
- Beam pulse energy: 260mJ
- Assist gas 02: I bar
- Beam overlaps: 22
- Beam energy density: 1/cm?

20 Example 6  Parameters for laser-produced dark green on titanium (polished using a

sand paper, grade p600)

- Laser wavelength: 248nm

- Beam pulse energy: 260mJ

- Assist gas O2: 1 bar
25 - Beam overlaps: 24

- Beam energy density: 1J/cm?

Example 7 Parameters for laser-produced apple green on titanium (polished using a
sand paper, grade p600)
- Laser wavelength: 248nm
0 - Beam pulse energy: 260mJ
- Assist gas O2: 1 bar



Beam pul se energy: 260mJ Assist gas 02:
| J/cn2 Exanple 4 Paraneters for
sand paper, grade p600) - Laser wavel engt h:
10 - Assist gas 02:
1J/cn2 Exanple 5 Paraneters for

energy density:
titani um (polished using a
Beam pul se energy: 260mJ
20 Beam energy density:

248nm -
over | aps:

Beam overl aps: 18 5 - Beam
| aser - produced dark bl ue on

1 bar

1 bar - Beam

| aser - produced Heymphigalapsi titani um4fpol i shed using a sand paper, grade

p600) 15 -

gas 02: 1

6 Par anet et
sand paper

260mJ

1J/ cn? Ex ?ﬁ%]:d?a?gg;rrg%é? %Oroz a][ or

(pol i shed

i0

15

20

25

30

bar

- Beam pulse energy:
- Assist gas 02:

- Beam overlaps:

- Beam energy density:

Example 9
paper, grade p600)

- Laser wavelength:
- Beam pulse energy:
- Assist gas O2:

- Beam overlaps:

- Beam energy density:

Es fo&eé as%

AYPBE p6 @5amet?_résf@¥ laggf7Rl
Beam overl aps: 24 - Beam energy density:
| aser - produced apple green on titanium

usi nglLasersandlepaper, gr adeq4ps@l) Laser wavel ength: 248nm

Laser, vel engt h: . 248m - Beam pul se energy: 260mJ - Assist
- Bﬁﬁ@rﬁ“&%’?@%ﬁ’&' 22 - BT energy density: 1J/cn® 20 Exanpl e
- pr oduced darkogreen on titanium (polished using a

Headny elloag argen- omBa@piumy (rdiskedb pyye a

260mJ
1 bar
28
1J/cm?

Parameters for laser-produced pink on titanium (polished using a sand

248nm
260mJ
I bar
36
U/em?

Example 10 Parameters for laser-produced grey on titanium (polished using a sand

paper, grade p600)

- Laser wavelength:
- Beam pulse energy:
- Assist gas O2:

- Beam overlaps:

- Beam energy density:

Example 11
surface)

- Laser wavelength:
- Beam pulse energy:
- Assist gas O2:

- Beam overlaps:

- Beam energy density:

248nm
260mJ
1 bar
40
1J/cm?

Parameters for laser-produced yellow on stainless steel (wet blasted matt

248nmn
260mJ
1 bar
16
1J/cm?



30 -" Beam pul se energy: 260m} Assist gas 02: 1 bar -9- Beam overl aps: 26
Beam energy density: |1J/cnm2 Exanple 8 Paraneters for |aser-produced yell ow
green on titanium (polished using a sand paper, grade p600) 5 - Laser
wavel engt h: 248nm - Beam pul se energy:‘lz‘)aOrrﬂ - Assist gas 02: 1 bar -

Beam over| : - m.energy.density: 1J/cn? to Exanple,9 P t.ers for
| aser - pr og%c%gjé’ 1%?%k %ﬁ%fl?tg %fnfogr#?s(eﬁar?é%ggqu ?VHQOIAS@%%ISS sﬁ%&le{we?é&iﬁg IB%'@)O)
- Laser wawgh@pgth: 248nm - Beam pul se energy: 260m) - Assist gas 02: 1

bar 15 - Beam overl aps: 36 - Beam energy density: 1J/cn2 Exanple 10

Par anet ers for lasgewaynlogiced grey 2 t ani um (pol i shed using a sand

paper, grade p600) - Laser wavel eng%ég):é 48nm 20 - Beam pul se energy: 260mJ
- Assist gas O%a%%e@neWam over |’dP&® 40 - Beam energy density: |J/cn?

Exanpl e 11 Par %k?g% for |aser-prodyged yellow on stainless steel (wet

bl asted matt 25 surface)
- Beam overlaps: 20
- Beam energy density: 13/cm?

Example 13  Parameters for laser-produced purple blue on stainless steel (wet blasted

matt surface)

10 - Laser wavelength: 248nm
- Beam pulse energy: 260mJ
- Assist gas 02: 1 bar
- Beam overlaps: 24
- Beam energy density: 1J/cm?

15 Example 14 Parameters for laser-produced blue on stainless steel (wet blasted matt

surface)

- Laser wavelength: 248nm

- Beam pulse energy: 260m]

- Assist gas O2: 1 bar
20 - Beam overlaps: 28

- Beam energy density: 1J/cm?

Example 15 Parameters for laser-produced blue green on stainless steel (wet blasted

matt surface)

- Laser wavelength: 248nm
25 - Beam pulse energy: 260m)J

- Assist gas 02: 1 bar

- Beam overlaps: 32

- Beam energy density: 1J/cm?

Example 15 Parameters for laser-produced yellow green on stainless steel (wet blasted

30 matt surface)

- Laser wavelength: 248nm



- Laser wavel ength: 248nm - Beam pul se energy: 260mJ - Assist gas 02: 1
bar - Beam overlaps: 16 30 ' - Beamenergy density: iJ/cn2 -10- Exanple 12
Paraneters for |aser-produced brown on stainless steel (wet blasted natt
surface) Laser wavel ength: 248nm - Beamipul se energy: 260mJ 5 - Assi st
gas 02: 1 bar - Beam overlaps: 20 - Beam energy density: 1J/cnR Exanple 13
Par amet er s-f or |Bgg@rpuhiecdae®d pur pl €68ide on stainl ess steel (wet bl asted
matt surface) 1 wavel engt h:; 248nm - Beam pul se energy: 260mJ -

-. lLas
Assi st gas 02: SBEY 5% Bgam over | apsl:ba§4 - Beam energy density: 1J/cnR 15

Exanpl e 14_Par amgﬁr@eig@rda@%@r-pro%@gﬂ bl ue on stainless steel (wet
bl asted matt surface) - Laséer wavel ength: 248nm - Beam pul se energy:

260m) - Assi st Bgay ©2rlags:bar 20 - Béam overl aps: 28 - Beam energy density:
| J/ cn2 Exanpl e 15 Paraneters for | aser-produced blue green on stainless
steel (set bl asfad present invention advantageously provides a.means by which laser marking

of a metal surface may be achieved to produce consistently high contrast, multiple
colour, durable and decorative patterns. Advantageously the process of the invention
provides an easier and more flexible means of decorating metal products than
conventional methods, including anodizing and coating techniques. Furthermore, it has
10 been found that markings applicd using the process of the invention may advantageously
remain unchanged after various environmental testing conditions, such as soaking in
strong acids including sulphuric, phosphoric and nitric acids, and soaking in other--
aggressive environments. Still further, the markings applied by the process of the
present invention are resistant to fading on the application of solvents such as acetone,

15 petrol, washing liquid or powder, trichloroethene, propanone, turpentine and alcohol.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention inchudes all such variations and meodifications. ‘The
invention also includes all of the steps, features, compositions and compounds referred to

20 or indicated in this specification, individvally or collectively, and any and all

combinations of any two or more of said steps or features.



matt surface) - Laser wavel ength: 248nm 25 - Beam pul se energy: 260mJ -
Assi st gas 02: 1 bar - Beamoverl aps: 32 - Beam energy density: 1J/cnR
Exanpl e 15 Paraneters for | aser-produced yell ow green on stainl ess steel
(wet blasted 30 matt surface) Laser wavel ength: 248nm - |l - Beam pul se
energy: 260mJ Assist gas 02: 1 bar Beaﬁﬂenergy density: 1J/cn2 Beam
overlaps: 36 5 The present invention advantageously provi des a-nmeans by
which | aser marking of a netal surface may be achieved to produce
consi st entClyARVIgh contrast, nmultiple colour, durable and decorative
patterns. Advantageously the process of the invention provides an easier
and nore flexible neans of decorating netal products than conventi onal

met hods, ijncl udi R -aNRaE} B89 A04 -Coak4 Je Eyrthernore, it has 1o
been found t hat gaf%%ngs ap%??é%gug%hgﬁgﬁggggﬁ%gggﬁ%¥ﬁghe i nvention may
advant ageous| y applimg mlaseret anglettrafitcd rwavaldngthsand rbeim enemnttakait éate megal

phosphbri SV PR & BB e s e B RRE SRR PUBLOF onrent s.

Still furthehg ahRgsifBaKiNSSePDRiLE At 5’%61‘&1@@1‘1%1198 easpRisutdghd PESEND
invention are resistant to fading on the application of solvents such as

acet one, I®ilyateraoniroletsenidefiin fudtion opsaddrare mefat frfco sthiversaid Jasapanone,
turpenting@@ﬂ% al cohol. Those skilled in the art will appreciate that the
i nvention sCfibed herein is susceptible to variations and nodifications
ot her than those specifically described. It is to be understood that the
i nvention_includes all such varjations and nodifications. The

10 A process according to claim 1, wherein said assist gas is selected from the group

consisting of helium, argon, O, and Nj.

3. A process according to claim 1, wherein said assist gas is supplied to the bare metal
surface at a pressure of from 0.5 {0 3 bar and at a flowrate of from 50 to 100 1/min.
15

4. A process according to claim 1, wherein said laser is UV or visible laser.

5. A process according to claim 4, wherein said laser comprises one of a KrF excimer
0 . . ) .

laser, a 4" harmonic YAG laser, an XeCl excimer laser, an XeF excimer laser, a 3"

20 harmonic Nd:YAG laser, a 2" harmonic Nd:YAG laser and argon-ion lasers.

6. A process according to claim 1, wherein said laser is applied to said surface in

either continuous wave or pulse mode.

25 7. A process according to claim 6, wherein said laser is applied in pulse mode with a

pulse duration of from about 1 to 100 ns.
8. A process according to claim 7, wherein the pulse duration is from about 1 to 30 ns.

30 9. A process according to claim 1, wherein the laser beam profile of said laser beam is

a top-hat flat beam or a Gaussian beam.



invention also includes all of the steps, features, conpositions and
conpounds referred to 20 or indicated in this specification, individually
or collectively, and any and all conbinations of any two or nore of said
steps or features. -12- CLAIMS 1. A process for |laser marking a bare netal
surface conprising: applying a |aser orlgredeternined wavel engt h and beam
energy to said bare netal 5 surface to forma pattern, said bare netal
surface, during the application of said |aser having an assist gas

di rect ed t her echpatcess goradatedo riahad , gdsrgin e84 bare nadtal dutfavs Rtof atndetal
facilitate fontroII?g oxi de ijn1f§rna§jon on_said _bare netal surface where
sai d | aser®icsted £t e groupropsising pdtwalessstedr G ng £ Ml -ics Nt &b Asai d
assi st gayl RbSel eled cla pmENPLAQUR, HEONS! Widfdvgl hel fum argon, 02 and
N2. 3. A process according to claim1, wherein said assist gas is supplied
to the bare nmetal surface at a pressure of fromO0.5 to 3 bar and at a

flowate of, from50 to 10Q. 1/ mn. 15.4. A process cording.to claim1,
whorer 5 sl | bRt teRrtrtul s & il PR R eI B B eI o ai m
4, wher ei appladatioh asedid eREPhERRS one of a KrF excinmer laser, a 4i harnonic

YAG | aser, an Xed exciner |aser, an XeF exciner laser, a 3°'d 20 harnonic
Nd: YAG | aser, a 2"d harnonic Nd: YAG | aser and argon-ion |lasers. 6. A

process aggor diAn&rl(J)thss?J)raiiaggr:l’nar%\(@xgraer;ape %glaﬂji%?a‘f;%%g\h%n%% J led to said surface

in either continuous wave or pufFse no rocess according to
claim 6, wher eitieatéey albdrasestalissrfag@pby @6t blnsting| sechmpial vt dHendcal polisgnglur at i on
of fromabout Ito 100 ns. 8 A process according to claim7, wherein the
pul se“&lurﬁ’ﬁ‘yg’ﬁniay}ferw #gBdut 1 to 30 ns. 30 9. A process according to

claiml, whereqpths J13886f PRACRRNE MavBlenStiatd bBSAT B b trdedgOP- hat
flat beamor a Q%Esgﬁan beaﬁ1 _e%% © velen gt enQ%? )
bare metal surface to form a pattern, the treated bare metal surface, during the application
of said laser, having an assist gas directed thereon at a predetermined gas pressure and
flowrate to facilitate controlled oxide film formation on said bare metal surface where said

15 laser is applied.

13. A process according to claim 11, wherein said pretreatment provides said surface

with a smooth, uniform and bright finish.

20 14, A process according to claim 13, wherein following said pretreatment said surface
has an Ra value of less than 0.5 microns and said laser application is performed on the

pretreated surface.

15. A process according to claim 13, wherein following said pretreatment said surface
25 has an Ra value of less than 0.1 microns and said laser application is performed on the

pretreated surface.

16. A process according to claim 1, wherein said laser is applied to the bare metal
surface in a predetermined manner to create a desired colour or colours as the marking on

30 the metal surface.



10. A process according to claim1, wherein said bare netal surface is of a
netal selected fromthe group consisting of stainless steel, Ti, Sc, Cr,
M, V, Fe, Ni, Co, Cu, 2Zn, Zr, Nb, Y, Tc, Ag, Cd, Pd, Ta, Pt, Au, A, Hf,
Mo, Wand My. 5 11. A process according to claim1, including pretreating
the netal surface prior to application 16~ said 1aser thereto. 12. A
process for laser marking a bare nmetal surface conprising: treating a bare
nmetal surface by wet blasting, nechanical or chem cal polishing; 10 and

t hen as thig. nexh psice @ppldyigig cdaiimake whefeipthedednaeninneld civéhedhesn it dppliadl beam

energy to the treafed. bare netal surface to forma pattern, the_ treated
bare met oo TPl BE e AYCrh Céeh;wf tnshidnampracd Ariiag B nURRAT RGOSR assi st
gas di r ectighel RET0Q0 s tREBIRURF Hbﬂgng?iog §§139 ERSEY e&ﬁ@gvargigg%@a@taﬁ@e

facilitate controlled oxide filmfor on said barée ne surface where
said 15 |bgtegenilasenppits, edryingtheAepmonersy deosity oipoger dewdityi maddng slbeedei n

sai d pretr Vi de aid surface wth a oth, uniformand bright
it she 20 EheT ReaP bl e BB Ehl o5 Ea hicls® RIS oV Bk ‘sai d
pretreatnent said.surface has an Ra value of less than 0.5 m crons and
said | aser _application is perfornmed on the retreated surface. 15, A

process ad®or dithBrocessEceqTiingdo clarle Mieredn pad iBaptsaid batesngtsrtiaeki d
f . . 1. m L. 4
SR [ A R R

accor di ng of syrchainiidg meheneitrofaanabkitasag the dapl pettlerh eviiittethb ae@ crehadf
surface in a Erfade%ern‘i ned rr%g{]er o] creatg a desired col our or colours as
the mafki _?ﬂbefa 21 BB B CHREYAE TEURIeR A OnlY-the melah SYRCASNZFOBYIT 1§ cl ai m
16, wher eigfg E&ﬁr&%@@bsﬂrﬁe%vﬁﬁeﬁh&ldt%% me%?s%pBéans?dvhutewﬁ&%grk%g; d| aser

desired col our or colours includes any one of varying the nu
pul ses f optagogryen | aser beam power density or pul se energy density,
varying the di stance

19. A process according to claim 1, wherein said laser is applied to said bare metal

15 surface at an elevated temperature,

20. A process according to claim 19, wherein said laser is applied to said bare metal

surface at a temperature of above about 350 °C.

20 21, A method of coloring a metal surface via controlled oxidation thereof, comprising:
applying a laser of predetermined wavelength and beam energy to said metal
surface in the presence of an assist gas which facilitates controlled formation of an oxide of

said metal to form a pattern.

25 22. A method of variably controlling the formation of an oxide film on a metal surface,
comprising:
applying a laser of a predetermined wavelength and controlled beam energy to said
metal surface;
simultaneously applying an assist gas at least at the location at which said laser is
30  incident upon said metal surface.
thereby variably controlling the rate of oxidation of said metal surface to form a

pattern.



bet ween | aser spots, varying the beam energy density or power density,
mar ki ng al ready 5 narked areas and varying | aser beam scanni ng speed or
substrate novi ng speed. 18. A process according to claiml, wherein said
mar ki ng of said bare netal surface |nclgdes applying a desired pattern to
said surface, said pattern being achi evé by any one of synchronising
novenment of a mask having the desired pattern which the novenent of 10 the
nmetal surface, scanning the | aser beamonto the netal surface using

conput er éBntr0%nwﬁnﬂrﬂﬁmmMQghmngm$aWSanMHndBMamﬁnecmabﬂmhgéwmumshé | aser

e Ao L S S8R PR e Bl BRSPS A,

eI evated tsgfpes akdire. 20. A process according to cI aim19, wherein said
| aser is applled to said bare metal surface at a tenperature of above
about 350 C. 2Gimultansowsby Hisertion a@@lsmtlgﬁgtmsamdamtalsmfﬁ@ce via controlled

oxi dat ion t her I Ias r eter
wavel e?lgt h and%ggoe% eg%%éﬂé gédt{%%i %%?aog H}éttag%urqb%%fr '3 1g1r} sr?% ﬁgoxp}gaé gh%e of an
assi st gasonid!Edd Hyawintrbllaigabe s@Abdralfhbesin foobi@isi a0 locafiodbmsidgenl surfred

metal to forma pattern. 25 22. A nethod of variably controlling the
formation of an oxide filmon a netal surface conprising: applying a

l'aser of a,predefey %%?‘f‘ofﬁﬁffg 59%%}1%}(%%039 X s%lﬁﬁggﬁﬂi&ﬁ&%ﬁ@eﬁ& ‘ﬁ’g‘!ﬂ{j

met al surface; si rru t aneous ng an
| ocati on axpwadﬁhhgm chhasdg:i s 30 incident upon said netal surface.

thereby variably controlli the rate of oxi atl n of said netal surface to
form pat t er AP pIyiig @ 19sgr oAPRIEIERIMSH WasEleneg aad SWBrenB"éytt%F?’néHfP et al

surface compidesi ng the steps of. applying a |laser of a predeterm ned

wavel ength and’ beam energy to said metal surface; and
simultaneously applying an assist gas to said metal surface and

controlling the thickness of a film formed through oxidation of said metal surface,
to thereby form a metal oxide coating exhibiting an interference effect when

15 exposed to light,

25. A method of variably coloring a metal surface via controlled oxidation thereof,
comprising:
applying a laser of a predetermined wavelength to said metal surface in the
20 presence of an assist gas; and
controlling the color of a film composed of the oxide of said metal to form a
pattern by varying at least one of:
a) the number of laser pulses for a given laser beam power density or pulse
energy density;
25 b) the distance between incident laser beam spots;
¢) the beam energy density or power density
d) the number of times said laser is applied to a given location; and

¢) a scanning speed of said laser or a moving speed of said metal surface.

30 26. The method of forming a color pattern on a metal surface as claimed in claim 23,

wherein said color pattern is yellow.



simul taneously directing an assist gas to said netal surface, 5to forma
color pattern on said netal surface, wherein said color patternis
controlled by controlling the nunber of beam overlaps at |ocations on said
metal surface. 24. A nmethod of form ng metal oxi de coating exhibiting an

interference effect when exposed to Ii‘g1 , conprising: 10 applying a | aser
of predeterm ned wavel ength and beam energy to said netal surface;

si mul t aneously applying an assist gas to said netal surface; and

control i kY.t heThehhethoe s foofmireg 4 ¢dlm paterrech & hretdi ghrfoce datdimad of clsiai 23,net al
surface, to thereby. forma.nmetal oxide coating exhibiting an interference
ef f ect Me‘?‘ﬁle{%‘“éﬁlﬁ&é@&P@ng%lgﬁlﬁwnza A met hod of variably coloring a netal
surface via controll ed oxidation thereof, conprising: applying a |aser of
a predeterm ned wavel ength to said netal surface in the 20 presence of an
assi st ga<i®. andlheanethed pf fogmirtees eodmpatiefn en 4 ictal surfpose dlanhed eclaixi 2B of
sai d t al fqr: ter.n, by varying at | east one of a) the nunber of
Iaserrrgul s\%lée??lggglgcg}o\gg’ﬁﬁ?rgé%t’lu%@é?ﬁnpomer density or pulse energy density;
25 b) the distance between incident |aser beam spots; c¢) the beam energy
density or._ power density d) the nunber of times said laser is applied to a
gi ven | ocdfi on;Themeethyd of Oemme akplehedamotn saicth! surdane ag claimebin dyinspbed of

sai d met al1suGf 868« B3P . >t hod of formng a color pattern on a netal
surface asW cF%llflrre CO%) 8%2?”%@@’,‘%\7\/?1& ein said color pattern is yellow -16-

27. The nmethod of formng a color pattern on a netal surface as clained in
claim. 23, . .wherein sai | or pattern i s brown. ) . ‘
15 30" TRe methodd ofc fgrmmg% coﬁor pattern on a metal surface as claimed in claim 23,

wherein said color pattern is dark blue.

31.  The method of forming a color pattern on a metal surface as claimed in claim 23,
wherein said color pattern is sky blue.

15
32.  The method of forming a color pattern on a metal surface as claimed in claim 23,

wherein said color pattern is dark green.

33.  The method of forming a color pattern on a metal surface as claimed in claim 23,

20 wherein said color pattern is apple green.

34, The method of forming a color pattern on a metal surface as claimed in claim 23,

wherein said color pattern is yellow green.

25 35, The method of forming a color pattern on a metal surface as claimed in claim 23,

wherein said color pattern is pink.

36.  The method of forming a color pattern on a metal surface as claimed in claim 23,
wherein said color pattern is grey.

30
37.  The method of forming a color pattern on a metal surface as claimed in claim 23,

wherein said color pattern is purple blue.



28. The nmethod of formng a color pattern on a netal surface as clainmed in
claim23, 5 wherein said color pattern is blue-green. 29. The nethod of
formng a color pattern on a nmetal surface as clained in claim?23, wherein
said color pattern is purple. to 30. The thod of formng a color pattern
on a netal surface as clained in clainle\”fE wherein said color pattern is
dark blue. 31. The nethod of formng a color pattern on a netal surface as
claimed in claim?23, wherein said color pattern is sky blue. 15 32. The
met hod of For niThg raetbod of fopmirtgsr eolorpaticmetad metal badaccas chimbdixdclaim 23,ai m
23, wherejn said C§Lor Ratteggris dark green. 33. The nmethod of formng a
col or patﬂgwﬁmgﬁmgc ¥ EFLOF ¥ as claimed in claim23, 20 wherein said
color pattern is apple green. 34. The nethod of formng a color pattern on
a metal surface as clainmed in claim23, wherein said color pattern is
yell ow green. 25 35. The method of formng a color pattern on a netal
surface as clained in claim23, wherein said color pattern is pink. 36.
The nethod of formng a color pattern on a netal surface as clainmed in
claim23, wherein said color pattern is grey. 30 37. The nethod of form ng
a color pattern on a netal surface as clainmed in claim23, wherein said
color pattern is purple blue. -17- 38. The nmethod of form ng a col or
pattern on a nmetal surface as clained in claim?23, wherein said color
pattern is blue.



