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" COLOURI NG MAGNESI UM OR MAGNESI UM ALLOY ARTI CLES" | ntroduction The present

i nvention relates to a nmethod of col ouring magnesi-um or magnesi um 5 al | oy
mat eri al WOMHEE%n anodi zed or other_gxidised surface (as PHRIAFEORBN cal
meaning, ie; a transfer to a higher oxidation state, not linited to

Cuch = pr sCESHRING AR O TEACKLHTR alL AR AT TUCT  On

al so consists in a rel atedprocedure for increasing corrosion resistance. 10
The col ouring of magnesiumalloy articles that have been anodized (or

ot herw'ﬁfh. ae&tiem! | y oxidised) has defeated nost attenpts by experinenters
attenpting to provide arange such as is- available for anodized al um ni um
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treatment” t hat cl 0ses the pores and in effect, |ocks the colourifg rraterlal

into pl %f&easﬁ@ﬁ@rbsxonrm&taﬁca ons achieve a strong col ouri ng ef fect when
used in this manner. (%ne5| um anqdic fiJns feature a pqr tructure as
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exper i MafbAfrudlié %Idbl&hf@ghrs@dmﬁn%tﬁoﬂﬁgheﬁfar@ﬂb Sintpie malagmd aesithble
magnesium articles tried to use al um nium col ouring systens. These were 30

conpl et gbymagaesiumsasfen| thowghemueh sesearch hasdrecn siireateditowiatds thid goal over ayst ens
operate under conditions of acid pH.at which alumniumis rel at ively
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As most anodic films generated on aluminium have a regular hexagonal pore

structure, characterised by the spacing, size and even distribution of the pores, several
options for colouring aluminium involve inducing colouring agents (dyes, metal ions
or pigments) to enter the pores. Once the colouring step has concluded, the article is
20 generally “sealed”, a treatment that closes the porés and in effect, locks the colouring
| material into place. Transition metal ions achieve a strong colouring effect when used
in this manner.
Magnesium anodic films feature a pore structure as well, but unlike aluminium
this is not well characterised and the pores are unevenly distributed. The pores range in
25 diameter, but are generally larger than the aluminium pores. Also, the anodic film is
transiucent or opaqlie, not tfansparent, therefore any colouring effect from a species
introduced into a pore may be more limited.
| Non;etheless, early experimenters aftempting to produce a range of colours on
anodized magnesium articles tried to use aluminium colouring systems. These were
30 completely unsuccessful. Onereason is thatmost aluminium colouring systems operate

_ under conditions of acid pH at which aluminium is relatively impervious to dissolution.
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- Magnesi um does not exhibit the anphoteric behaviour of alum nium  which

i s usual | woeesadsssed under acid conditions, and nbst nagnesPCIYNZSSNG0I ng
processes are al kaline. Acid pr ocesses_ap_pl ied to magnesium articles
normally result in rapird dissolution of “the netal, with the exception of a
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col ouring process that attacks the substrate or” anodi c fi . .

cont r a- i nrlietal] with th@exception ofecfewi dcids whichddrmfinsoltblednagregivn somipounds

metal ions into anodic film pores was developed it is unlikely to be
sat i sf Act thay coveriand; paspvatetbe metahesi umis a highly reactive netal,

consi der abl y re,sq than alum nium and th resence, of such speci es..at
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| ndustries) discloses a nethod of "anodi sing a magnesium article 1n a -

~ sol ution aeolairinignerovessythit ajtacks theesibstratecorsanokdiafilmiin contrd-asdiedtadd nat e

lon) resulting in a conmbi ned magnesi um al um ni um oxi de matri x_which can 20

then H® col our Evenif amgethodnd introtiging fransitipn meigldppginte anodir S poragwas

process i§ nqtable for .t I f.ficulties in.application and expensiye
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described in US Patent 4,978,432 (Schneling). This teaches a nethod of
anodi si ng corgsieai Ascorrosibn césistamce mayrhe aocasoh fohansmdisangmagdesibonrsubatratesal t s
of magnesiumis preferred above the gxide. A licensge of t is Magoxi d
proces$, puitectensy indbe cagoBPn SRsesPHbEYY fithe syhstrateisaos ysually eommereallyat -
" Sone pro%rFe%g ti>ls being made in coloring this coating. Currently. however,
significa c _a c. reduction in corrosion resistance i s an unwanted side
ef fect of dyei "patlXe [ j s it SRE NP, t I cal
Company. (199 O;P_% Patéht 4555'1,‘2’13 I(Iﬁbé/blﬂﬁﬁﬁhué‘j' RisiciBE O metRbd L 61 ahSdisirzed!
magnesium article in a solution containing very high concentrations of aluminium (as -

éluminate ion) resulting in a combined magnesium/aluminium oxide matrix which can

20  then be coloured using conventional aluminium dyeing technology. The process is

notable for its difficulties in application and expensive chemicals being required

(iodides). The colouring method there disclosed cannot be extended to-other anodic
films. US Patent 4,551,211 admits to the complexity of the process.

Other attempts at colouring have resulted in a loss in corrosion resistance. An

25  example is the MAGOXID™ process described in US Patent 4,978,432 (Schmeling).

This teaches a method of ‘anodising magnesium in which the formation of phosphate ... .. .

and aluminate salts of magnesium is preferred above the oxide. A licensee of this

Magoxid process, Luke Engineering of Ohio report in their process literature that:

“Some progress is being made in coloring this coating. Currently, however, significant
30 reduction in corrosion resistance is an unwanted side effect of dyeing.”

“Operations in Magnesium Finishing”, of the Dow Chemical Company, (1990)
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PCT/ NZ98/ 00039 -3 - includes the statenent: "Anodi zi ng of C%nesl um-
essenti al WOP#M2B¥Was t he sane procedure used on ot her netal $C18EPM&Hpyal |
deoxi dation and anodi sation. Both al kalizne and aci d anodi zes are avail abl e.
Unl i ke. such coatings on aI um ni um however, anodic coatings -on nmagnesi um
do not leﬂl@lﬁﬁ&@fﬁ@hfé to dyeing. For colour effects on

magnesi um  cl ear ano zes or bright pickles are used in conbination W|th
tinted or di p-tyedzing efmagnesigo essentiallyfullows théieame proestiurel usweoit biher el esolas

been no el egant, 0a°1V\§éro Eﬁloﬁamoﬁﬁat f. B&k%&h 9&‘9& MIZJMF {L@Eb@rb@r art

processes that have achieved 1imte success Kee  of
some ot her desF‘PcﬁlSP%'“ﬁ?W'V”mV‘PWB@HS@Q@C?‘Wé’l‘@ °HFTBQWE’(CE§H”°HE%‘6$I§581\@=S why
this sBoul d betosayeinghiFos toitw efibstObh Fraghdiut) icRar #BBIREs orNBER bi dd'tikfefs%e Weedf SO

on a w thout prghbmag&awm‘at%tes‘d}?!Bgdheem%\%v ntion, herei nafter fined. The

present I nvent FO Irecte 6' ‘col ouri ng n'agnesl um or

magnesi um al | ontiMhecprepentmvinsion theredas Bheﬂmelegarﬁ agswerioadestien bRAdri ON
provi di ng anodi zed or ot her oxidised surface. the term "ot her oxidised
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ensuring the ar or providing t e article wth an anodi zed or

ot her oxi di sed Thir presentoinvehtomdg rdisectsd e amhagdesri uvficalduwring amgnesinhaciri ng
sai d anodi zed or other oxidised surface with at |east_one species of

chr onophomagnesiue 3llays vehich qm\ddmma@nai havingaicoloured yesprotactionproviding of
condi tions not _subst al preJ CI al, to the.inte ty.of said
anodi zed sRoGeRd T gthegiox S ridce. o iEh “P ST PRIl SUFGBoE hISRRSTREATE s)
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condi ti on?’ ggﬁhhuggq 3te prospect of an alum nium buildup on said surface
even shou 3 t he’ magnesi um have been alloyed with al uninium 30

Pref erably thelciralsethei sbjectufahs present invention to provide products modified by a

method of the present invention and related methods and means.
In a first aspect the present invention consists in a method of colouring a
20 magunesium or magnesium alloy article, said method comprising or including the steps
of ensuring the article has, or providing the article with an anodized or other oxidised
surface of the magnesium or magnesium alloy, and |
contacting said anodized or other oxidised surface with at least one species of
chromophoric moiety in a liquid carrier in conditions, or in a sequence of conditions,
25 not sﬁbstantially prejudicial to the integrity of said anodized or other oxidised surface |
yet which results in the éhromophore(s) becoming associated (directly or via a moiety
or species attached to the chromophore) w1th the surface by a reaction or adsorptlon
Preferably said conditions exclude the prospect of an ah;m;m—ux; b—ulld up on said
surface even should the magnesium have been alloyed with aluminium.
30 Preferably the carrier is aqueous. |

Préferably said surface is anodized.

In some forms of the invention said surface is chemically oxidised.



Preferably said surface is anodi zed. In sone forns of the invention said
surface ‘is chem cally oxidised. WO 98/ 42895

PCT/ NZ98/ Q4@ i280% - Preferably the conditions include el evedEnzosn0039
tenperature(s). Preferably the step of _&o_nt acting is by inmersion although
spraying is another option to find favour. Preferably the nethod includes
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P | i o . .
W ih sard at | BEartint, EREETER cuBtiy Ry bihelOR REHGTN tpliR iERBRERL,

-said con-dgfjﬁ?{rgﬁﬁatﬁwaﬁ;_a near neutral, neutral or alkaline pH Preferably
sai.d pH.is alkaline.or at. least as alkaline as the dye process will allow

10 Pr ef Prefetably themethediinsluiss wasidat el fnaiizéder ghetipxidisedisaifasg of
reactive dyes, direct dyes, VAT dyes, sul phur dyes and disperse dyes (as
def i ned i priphto comitantwithhsnad 3t leags one ppesien efishyombphepemoisty ina biqui ¢re
group consisting ,of .reactiv es, VAT dyes and sulphur dyes. Preferably
Sai d speci es | STefErablY Wﬁ?ﬂ(‘i%’i‘él%ﬁpwégﬂgg §Eqprf¢1lba?quﬁnﬁ¥q e gqmtestatth 1 5
monochl org_.t.oriazi ' Q- 1 riazi . I.ndines, phthal ocyani nes,
qui noxal i ﬁ@gﬁ@?ﬂ#?ﬁ%?g‘gﬁf@{q \?eré??eﬁ%ﬁggplﬂg?%éﬁigdzi nes, anthraqui nones,
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phenol s. Preferably said species is selected fromthe group consisting of
vi nyl sul phone®referabiy baidipd israllealine®s at Rastius atkaline aattiedy®, prpysss williaties:.
pht hal ocyani nes, quinoxal ines, 20 nonofluoro triazines, anthraquinones,

i ndi gd0and hal Pyefiesabdy shiddipgeiedds selacted feomthe graumeonsestingofiredctivedyes,
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subsequentdwS hAABGIphiifd§ed.d article in an oxidising solution to formthe
dye on

Preferably said spécies is selected from the group consisting of vinyl sulphones,
15 monochloro triazines, dichloro triazines, pyrimidines, phthalocyanines, quinoxalines,
- aniline derivatives, monofluoro triazines, anthraquinones, indigo and halogenated
indigo derivatives, polysulphides, and diazo phenols.
' “'Preferably said species is selected from the group consisting of vinyl sulphones,
monochloro triazines, dichloro triazines, pyﬁmidines, phthalocyanines, quinoxalines,
20 monofluoro triazines, anthraquinones, indigo and halogenated indigo derivatives,
polysulphideé, and diazo phenols.
In another aspect the invention comprises or includes
(i)  providing a bath containing a sulphur textile dye together with alkali and a
reducing agent such that the dye is present in its water-soluble reduced leuco
25 - form;
(ii)._______.irhmersing said article in said bath; and
(iii) subsequently immersing said article in an oxidising solution to form the dye on
its surface. .
Preferably said bath is at approximately 90°C for approximately Y2 an hour.
30 Preferably said sulphur textile dye is provided at approximately double the

normal concentration employed for textile dyeing.



Its surface. Preferably said bath is at approximately 90[err]C for

approximately [err] an hour. 30 Preferably said sul phur textile dye
i s provi dB W42885pr oxi mat el y doubl e the nornmal concentr at i BETAZRI I f or
textil e dyeing. WD 98/ 42895 -5-

PCT/ Nz98/ 00039 -5 - In still another aspect the invention conprises or

includes (i) p 1 [ ﬁ{gﬁl&l‘ b ti1].e.dye together with
an al kali and regﬁﬁ?ﬂﬁgﬁ%ﬁ?@% t g?ﬂ%ﬁgchygﬁgesst%?ﬁggiéﬁegi nits water '
sol ubl e leugy foproviding)a batirebaiadsingod VAT tegtil Hye %@%&h&awth ﬁf%"qalﬁaﬁ (@l )
i mersing sald article in a mldly acidic oxidising solution to formthe
dye-on-the surf amsdusing dgerdsuclethat thitr dyeisgirbsens ai its medercsalgbledendo fermaodi um
dithionite. Preferably said article is inmersed at approximately 70[err] C
for approxi fk el ynwrﬁm@@l@samﬁ; n said bathy andr abl y said VAT textile dye is

provi ded .at ,double the nornal .concentration.enpl.qyed far .textile dyeing.
Pr ef er abPy Q‘Hﬁ) d JPEeLae isgﬂaqmﬁ%slgc? Pﬁd}ﬁngﬂ%ﬂ%&?@ww? P@n%e dye on
sol ution for apppaxifiplceloftht YRidia nutes. In yet another aspect the

i nvention conprises or 1ncludes (1) providing a bath containing a
vinyl sul phone r pagferatly kaidiretbiecifly @get is sodfumiefthiongtesai d article in said
bat h;-and (iii) washing said artlcFe._ Preferably said bath is provided at
a pH of appr oxi merefeyablPsaiddrticle is iamherseé at approximately 705IC forppproxiniaedly 360
m nutes at at |east 60[err]C (preferably 80[err]C), 20 - Prfeferably
said bath coHPEieAs a reactive dye, and at |east one of sodium carbonate,

sodi um hydroxi deor.sodi um.silicate. Preferably sajd,.bath contains a . |
reacti vg)édye in ?%W@i’ﬁf?‘gy‘gﬁ%ﬁtﬁgﬁf I%HH)%Q%:‘ M@Q&)&‘ﬁé’c@ﬁpg@%"é‘m
concentrati ' hydr oxi de at a sufficient concentration to
rai se the pgﬁpgé%%ﬁo{r@gﬂe;@%gﬁ Preferably said washing i.5 in water at
at |east 60[err] Gréfefadlpkald Ativle!i imnysrbéd fi0said mildly acidic oxidising solution for

approximately five minutes.

In yet another aspect the invention comprises or includes
15 (i) providing a bath containing a vinyl sulphone reactive textile dye;
(ii) - immersing said article in said bath; and
(iii) washing said article.
Preferably said bath is provided at a pH of approximately 12 and said article is
immersed for approximately 30 minutes at at least 60°C (preferably 80°C),
20 Preferably said bath contains a reactive dye, and at least one of sodium
carbonate, sodium hydroxide or sodium silicate.

-Preferably said bath contains a reactive dye in a concentration-of 5g/L and
sodium carbonate, also at a concentration of 5g/L and sodium hydroxide at a sufficient
concentration to raise the pH to about 12. _ .

25 Preferably said washing is in water at at least 60°C (preferable with a wetting
aagent, eg; ethylene glycol). '
In yet another aspect the inventibn comprises or includes
(1) providinga bath containing a monochloro triazine reactive textile dye;
(i) immersing said article in said bath; and
30 (iii) washing said article.

Preferably said bath and said article is immersed for approximately 30 minutes



agent, eg; ethylene glycol). In yet another aspect the invention conprises
or includes (i) providing a bath containing a nonochloro triazine
reactive wex»buises dye; (ii) immersing said article in sai ¢gcyatzosnosuas 30
(iii) washing said article. Preferably said bath and said article is

| mmer sed for approxi mately 30 m nut es6~ WD 98/ 42895
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cont ai nat apprexisately Qﬂ/@ and at | east one of sodium sul phate, sodium
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concent%ﬁ%%ﬂgﬁggﬁgbaﬁtgmg |{r\%§n§%&|5%% sodi um carbonate 0.5- 1%and = "

NaCH 0. : sal d was “water at 80[err]C. In one :
embodi ment  oprdffiablyuaed bhthtobiirtses u&é@&&eh@yeqﬂq%ae&lﬁiﬁnwms abod &AL one

speci es of chronophoric noiety in aliquidicarrier is a reactive dye of a
ki nd5haNasR0,acohi@entration issediyah oo dyt wontemtrationg sodjunacarbonatecd.5 + 1% and
conditions are within a tenperature range of from30 to 100[err] C during an
i mrer si baQdt Yay presentation of the liquid dye conposition to the

0
anodi zed surfa r at, | east 10 m nutes, and thereafter a rinsing step with
wat er -at an ér%?@%&sq1gﬁwﬁmgﬁsgnﬁagm| said contact time is about 30
m nutes. 15 ' LNS} | ] .
cont ai ni ng a_I%Ifet ?’Hg&gié’gérﬁ%gﬁ‘ﬁﬁﬁ%t{@%%ier ar-gércgqso _ eetcg“cr]l ?%tghdégﬁié_%{r%%% o
CONPOSI L Qifed éfcﬁ%ﬁfoghogc Hoietyntatiquilicabsrabatesdtivé dyRoTa ighy 'h%vﬁ{é)é he
I mrer si or spraying with thé liquid dye conposition’ s at about [err] C.
Pr efi@r abingl shiphdye fimctionat gromprandawhereim theatordiiens aeouithifl Héémperatune an
aqueous 20 system In another enbaodi nent ofthe invention said surface is
anodi zetngedi e 30to 1 A8 ° Grduriagsn ipunersinacorspray prepersabpmef the liawiddyein a

g e Bk o YR 2k 3, L Do 0 o ARACCHOL s Lt AR
' with water at an elevated temperature.

Preferably said contact time is about 30 minutes.

15 " Preferably said rinsing step is with hot water containing a wetting agent and the
temperature of the aqueous rinsing composition is 80°C or greater.

Preferably said temperature of the immersion or spraying with the liquid dye
composition is at about 60°C. '

Preferably the dye has a concentration of at least about 0.5% w/v in an aqueous

20 system. '

In another embodiment of the invention said surface is anodized and wherein the
at least one species of chromophoric moiety in a liquid carrier is a reactivedye of akind
having a monochloro triazine functional group and the conditions during the contact by
immersion or spraying is contact at an elevated temperature. |

25 Preferably the contact time is for a period of from 30 to 60 minutes.
| Preferably the elevated temperature of the contact is at about 70°C or higher.

Preferably the dye concentration is from 0.5% to 2% w/v.

Preferably there is also present sodium sulphate at substantially equal
concentration to the dye, sodium carbonate at 0.5 to 1.0% w/v and sodium hydroxide

30 to a concentration of about 0.25% w/v.

Preferably there is a rinsing step with hot water containing a wetting agent and



| mmersion or spraying is contact at an el evated tenperature. 25

Preferably the contact tinme is for a period of from30 to 60 m nutes.

Pref er abl Wa:98M2885cvat ed tenperature of the contact is at aBEUNZIHM3% ] C or
hi gher. Preferably the dye concentrati.gnis fromO0.5%to 2% w v. Preferably
there is also present sodium sul phate at substantially equal concentration -

tothe d e}@gﬂé carhorats odbatty 5 to 1. 0% w v and sodi um hydroxide 30 to
a concen%tfaah n of about 0.25% w v. Preferably there is a rinsing step with

hot wat er conhpartithér einb&iitnentoftheiiveation said Wleddohe@Becies of chromophoric
PCT/ NZ98/ 00039 7 - at a tenperature of 80[err]C or greater. In another:

enbodi memoietitiha liquié cairier isthatl ofia réastive aving & dchidrottriemmetfonctiomabi-ety——
in.aliquid carrier is that a reacgtiye dye having a dichlorao . triazine. ... ..

funct i on&Tougy FLAMENOFUREHEF i 5O Bazamg 0} g@¥Pne functional group. 5
Pr ef bly th ht] iml.ar.,t h f | tyiazi
Funct Ponal_or Eirereoy, M tep Rl aft s Sa iR on R G PR duadionls of

chronophgltauglsnoi ety inaliquid carrier is a reactive dye of the pyrimdine
type. In®a different enbodi ment the at |east one species of chronophoric
noi ety in a 16, kfilyahethesembodimhentitheht RasBonipedits. of Rhedrabpidric iidtetgig i S
an anthraqui none or indigo derivative. Preferably the vat dye is dispersed
in wat er adiggiid esiviceds 4 ceactivedye @f dhé pytfimudineftypen usi ng a conbi nation of a
reduci ng agent and alkali, Preferably said |leuco dye is used,to ¢ol our:

anodi zed magnds pdiferent embogdiymnens t leastneotpesiss £ CREPmepharic mpls)y ima

t enperat ure, of l.euco,dye.i s elevated. Mst preferable 60 C or higher.

Pref df%b lﬂu’éf?alﬁ’e}'bﬁf@#a@%v? &T’l 5 or greater. Preferably |euco dye dyed
article is ri | LV arltR ] : 20 oxi-di sed so
that | euco dy?‘?@%ﬂg%@g%?}é%\ﬁt%{l nquaﬁ}%%%ﬁréﬁo. r};agﬁg't her efbodi ment the
at |east one ppefeidly the PAUAYREP Aibpefselth G¥ater dndreduced to water soluble leuco

form using a combination of a reducing agent and alkali.
Preferably said leuco dye is used to colour anodized magnesium article by
15 immersion or spraying. .
Preferably the temperature of leuco dye is elevated. Most preferable 60°C or
higher. _
Preferably pH of leuco dye is 11.5 or greater.
Preferably leuco dye dyed article is rinsed in cold water (eg; 5 seconds) and thé_n
20 oxidised so that leuco dye is converted to insoluble pigment.
In another embodiment the at leést one species of chromophoric moiety in a
liquid carrier is that of a sulphur dye. -
Preferably the moiety is attached to a polysulphide.
Preferably the sulphur dye is dispersed in water and reduced to water soluble
25 leuco form (thiol form) using a combination of a reducing agent and alkali.
: Preferably said leuq'o dye is used to colour anodized magnesium article by
immersion or spraying. | |
Preferably the temperature of leuco dye is elevated. Most preferable 60°C or
higher. | |
30 Preferably pH of leuco dye is 11.5 or greater.

| Preferably leuco dye dyed article is rinsed in cold water (eg; 5 seconds) and then



liquid carrier is that of a sul phur dye. Preferably the noiety is attached
to a pol ysul phide. Preferably the sul phur dye is dispersed in water and
reduced i ygaagys sol uble 25 |euco form (thiol form usingceNgssobssati on of
a reducing agent and alkali. Preferably said | euco dye is used to col our
anodi zed magnesium article by imersiom &r spraying. Preferably the
tenperature of |leuco dye is el evated. Mst preferable 60C or higher. 30

Pr ef er abl yoxpdised sb ¢hatdeunpoedyesis congerted tyr waokible pigafent.abl y | euco dye dyed
article is rinsed in cold \Aeﬁe, (eg' 5 aeconds) and then WD 98/ 42895
PCT/ NZ98/ 00030 Ingstill anqtbgrambadimeRithe at jeast ye speci PRAGPheTiF mejEthine
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chrom)phorq kqwglcé'lwerllﬁ ___aCL‘F c(‘i?'&car rier is a direct dye. Preferably said

Sul phonat & or oo EraR SR ARANN Cmii S R AR lefy SRCh TP asqdiomy,

wWv with hthaté/pRupt € 0.5 to 2% w v and, optionally, sodium carbonate to
a concentration of "about 0.25 to 1% wv. Optionally an anodic potential of
approxi mat e 10 Preféably difeardye ireprepgpitine dointion®.5 th2%amonwith godrum stikphate
Preferably tenperature_of dye solution is at |east 60[e_rr]0§.§ Pr ef er abl

dyed- arti c0.8 th 2% wis e, aptiepally,spdyim parbpattedn acarsentraioniokebeuthes fo l%aast
one speci es, of chronophoric nmoiety in aliquid carrier is a disperse dye.
15 A erably dye is evenly dispersed in water to the extent of at

| east 0.25% w' v ks ' : ' 0 281
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100[ er 1HC Ol ModRledrartigle; under pressure) and naintained in such contact

for 20 to 90 mnutes. Preferably the article is subseguentl.y ri nsed.
Preferably temperature of dye solution is at least 60°C. "

Preferably dyed article is rinsed after dyeing.
In yet another embodiment the at least one species of chromophoric moiety in
a liquid carrier is a disperse dye.
15 Preferably dye is evenly dispersed in water to the extent of at least 0.25% w/v.
Preferably a carrier being an ester is added to aid dyeing.
~ Preferably the article is introduced into the dye dispersion at 100°C or greater
(eg; under pressure) and maintained in such contact for 20 to 90 minutes.
Preferably the article is subsequently rinsed.

20 In still a further aspect the present invention consists in 2 method of increasing the -
.corrosion_resistence of an anodized magnesium or magnesium alloy surface which
compﬁses the step of Colouring such a surface by a process as previously defined

Preferably the at least one species of chromophoric moiety in liquid carrier is that
of a reactive dye of a kind having a vinyl sulphone functional group.

25 In some forms of the present invention the at least one species of chromophoric
moiety in--a-liquid---carrie;'-is an acid dye uéing an acid which forms magnesium salts.

Preferably said acid is lactic acid. _
Optionally the contact step with the liquid carried chromophoric moiety or
moieties is a multiple step process. Such multiple step projcess may result from multiple -

30 dipping, sequential spraying or a hybrid of dipping and spraying.

Optionally a plurality of compatible chromophoric moieties are used such as



20 In still a further aspect the present invention consists in a nmethod of
i ncreasi ng the corrosion resistance of an anodi zed nagnesi um or ma‘cl;nesi um
al | oy surWeB/43#¥ch conprises the step of colouring such aPSTNERAWIFY 2
process as previously defined Preferabyy the at |east one species
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Such multiple step process may result frommultiple 30 dipping, sequential
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Preferr 5 ornms of the present invention will now be described. Figure 1 is
a sinpl e flowdfasdsurfdesito beicdotourpd inclade giosp anediret ibyes procesesucidas
Preferred surfaces to be col oured include those anodized by a_ précess such
as di scldiseldseédinPPCTRNZ6680016 (WD 95288311 (Baran) tasras disclasediins unBET i n
our PCT 10 " International I cation filed sipultaneously herewith. W

bel i We Ipwrrmfémalver@h%@gqgfiS%&Fﬂi‘epb}slgf}tﬁﬁe‘é{ﬂ heory) that historically

attenpts to | ze nasi ve be oyt dy
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anphoteric and is usually anodized in acidic nmedia. In solutions of strong
al kal i essluttiniunecan benydifiedin seme agdynty make them work on magnesium.

15 However, this approach we believe to be flawed. The metals aluminium and
magnesium are fundamentally different. Aluminium is amphoteric and is usually
anodized in acidic media. In solutions of strong alkalies, the metal dissolves releasing
hydrogen: - |

Al+20H < AlOzz_' +H,

20 | Magr;esium does not react with strong alkalis, and magnesium oxide is insoluble
in bases such as sodium hydroxide whereas aluminium oxide is readily soluble in such
bases. '

The oxidation of aluminium results in a well-defined surface oxide layer which
features regular hexagonal pores having a diameter of about 0.1m. These result from

25 the .dissolution of the anodic film in the electrolyte in which it is partially and slowly.

“~"solublerMagnesium forms pores as well, but not because of any solubility of the anodic
film in its electrolytes. In alkaline electrolytes it appears that the film is insoluble. In
such acidic electrolytes as are used it may be slightly soluble but it is only with the
presence of added species that an impervious barrier film results. For example

30 anodisation of magnesium may be conducted in acid fluoride solutions in which an



hydrogen: Al + 20H Al O[err]+ Herr] 20 Magnesi um does not react
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15 Some conversion coatings are available for use on magnesium substrates and

these produce, in some instances, strongly colbured_ substrates. For instance, British
Patent 493,935 describes 2 method by which a chromate or permanganate conversion
coating may be formed on a magnesium article. The coatings formed by this method are
typically very dark and even black. Such is not considered “colouring” for the present

20 purpose as the colour cannot be controlled and the coating formed is not a true anodic
film. The process cannot be applied to an anodic film or an already existing other
oxidised coating. As transition metal compounds such as permanganate or chromate
are present the corrosion resistance rendered by these processes may be reduced owing
to micro-galvanic cell formation.

25 One class of all}minium dyes comprises inorganic compounds that result from
a two-step process in which an insoluble colour s precipitated in the second stage of the ..
process. The first stage introduces a water-soluble species to the pores in fhe aluminium

‘oxide anodic film. This species is adsorbed onto the surface of the anodic film. The
diffusion of these species into the pores in the anodic film is governed by the surface

30 charge on the film, known as the zeta potential. Ordinarily this is positive, but in

suitable electrolytes it may be changed.



Pat ent 493, 935 descri bes a nethod by which a chromate or permanganate
conversion coating nay be forned on a magnesium article. The coatings
formed bwoBs/4289%t hod are typically very dark and even bl XEX/NZS§@H3Ps not
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of the San&dserbed prefereriially feguingne perprnganaiscons availahie fperesstien with the
anodic fil mbléﬁ %%\é%f ned by the surface 30 charge on the film known as the
zeta pot erfoPa 2 'narily this is positive, but in suitable electrolytes

it may be chan . . b " 1 .
bCTI 298 00030 rpRplen o iiérd iHotkaic salt pairs that may be used to golour an anodic

sequence. cHaHse o@ralbpshiane thchiede: produci ng a bronze col our by this nethod
usi ng cobalt aéet ate and potassium pernmanganate, it is necessary to di-p the
alumniumarticle into the cobalt acetate solution first. It is believed
that if the permanganate is used first, potassiumcations are 5 adsorbed
pref erEhti%al | y Cebalt Acetals/Ratassiig DeENangandte avai | abl e fBFOBZaction with the

cobalt acetate._ Exanpl es _of binary inor.gantc salt.,pairsgthat may be used to
col our an 'anodi%eWGéangﬁﬁﬁf%PﬁW?lﬁ’a {?Er&cy%dg* BlShal t |

acet at e/ pog assiwwgm?galmd&n&c gci&r onze * Fepfddk ammoni um

oxal at e/ pot assi yani Ferric ammoni um oxal ate/tanni c

acid . CEppérsulphate/eRiRGinflhulphide/ anmoni um sul Gaeste

G een * Lead nitrate/potassium chromate Yel | ow  15 *
Ferric sulehat elead ngmsite/potassinocghmoimite Prussi aiebowe '
15 . Ferric sulphate/potassium ferrocyanide Prussian blue -

This process is specific to aluminium as the adsorption of the soluble species
occurs inside the pores and relies on the surface chemistry and charge of the aluminium
oxide anodic film. Consequently, a parallel process involving inorganic ions does not

20 exist for magnesium anodic films. .

Organic colouring may also be employed on aluminium, although i'n most cases
the dyes are adsorbed rather than undergoing a chemical reaction with the substrate.
Acid and substantive dyestuffs normally react with the substrate but on aluminium
anodic films they do not, although a colour is produced. The colour is not particularly

25 wash or light fast. | |
" In cases where there is a true chemical reaction the result is a light fast colour.
Dyes of the metal complexing acid colour type come into this category. These appear
to form new complexes with aluminium atoms. '
There are also single dip inorganic baths which colour aluminium:. It is believed
30 that the pigments are adsorbed directly into the pores. These processes tend to be very

sensitive to pH.



This process is specific to alum niumas the adsorption of the soluble
species occurs inside the pores and relies on the surface chem stry and
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effective except in the special case described above where the anodic film
i s nd@i f Dyes for alkaling condjtiohyyh cont ent of al umi ni um oxi de (US Pat ent
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oxide substrate and good colour fastness.

15 An extensive range of dyes and colouring chemicals is available world-wide yet,
these have been designed for specific applications.

The range of existing colouring compounds includes simple pigments, such as
titanium dioxide, which is used very widely as a brilliant white colour in paints, and
exotic chemically-formed dyes which are the basis of photography.

20 In this discussion, a “pigment” may be regarded as being a coloured molecule
which is insoluble and unreactive. A pigment may colour an article by virtue of being
in close contact with it although usually a carrier is required to ensure that it stays in
place. For example, titanium dioxide is chemically inert and insoluble in aqueous
solution or solvents. Itis dispersed in paints and forms an opaque, brilliantly white layer

25 when applied to articles in suspenéién in suitable carriers. Insolubility alone does not

~ result in 2 pigment, as some insoluble colouring compounds may still react chemically
with the substrate.

A “dye” on the other hand is oftén soluble in its carrier and in many cases it is
chemically reactive with the substrate to which it will bond. In some cases, the

30 “reaction” may be the formation of a clathrate compound, hydrogen bond or Van der

Waals bond, while in others it may be a true chemical reaction.
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An anodic magnesium substrate has no such compounds on its surface and is

completely inorganic in composition.
The exact chemical composition of an anodic film produced on ﬂxagnesium
20 dependson the'process being employed, but there are some common general features.
Typically, the electric fields employed in anodising magnesium are very high,
reSulting in deprotonation of the forming film and therefore the formation 6f magnesium
oxide, rather than magnesium hydroxide. Ordinarily--the oxide ion, O, is instantly

hydrolysed in aqueous solution:
25 - | O +H,0 < 20H

In'the case of anodisation of magnesium, the electric fields are often in the region

of 1 x 10’ volts per metre; sufficient to ensure the presence -of oxide ions at active
reaction sites.

The generic processes widely employed to “anodize” magnesium are based on

30 electrolytes containing sodium hydroxide and additives, or an acid fluoride salt plus
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15 using fibre-penetrating textile dyes.

Despite these differences, we have determined that certain classes of compounds

described in the Colour Index and intended for textile application can be applied to

- anodized magnesium substrates resulting in éaﬁsfactory colours. Amongst these are the
following classes of compounds, although there are others that work as well:

20 . Vinyl sulphones, Monochloro triazines, Dichloro triazines, Pyrimidines,
Phthalocyanines, Quinoxalines, Aniline derivatives, Monofluoro triazines,
Anthiraquinones, Indigo and halogenated indigo derivatives, Polysulphides, and
Diazo phenols. . |
Commonly, these dyes comprise a chromophore which is a functional group

25 - which is attached to a reactive group that may bond either chemically or physically to

the substrate. Since the same chromo‘phore may be ﬁsed in dyes that react differently
to form the final coloured article, there is considerable overlap in the functional groups
and a consideration of each class of reactive group is required. A good example of
chromophore overlap is in the area of turquoise dyes. Most turquoise dyes are based on
30 phthalocyanine, which can form a range of blue and green hues when appropriately

substituted, but will not readily form other colours. This chromophore is widély used
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magnesium article in a second dye after completing a process in a first dye. Provided

hnd

there are no fundamental chemical incompatibilities between stages, this is possible and
could commonly be employed to produce the corrosion resistant substrate that results
from infusion with a reactive dye, but to use a more light fast dye to colour the article.
20 The hydrogen bonding of direct and vat dyes is not usually affected by a process
involving a reactive dye as a first step and in some cases when not all reactive sites have
been chemically bonded to a reactive dye, it is possible to double dip am article in a.
second reactive dye. |
Dyeing an article that has been anodised may also be conducted for the reason
25  of increasing the salt spray resistance of the article and not for any specific colour
requirement in the final product. In tests it has been foﬁnd'that the salt spray resistance
of anodised magnesium test plafes has been considerably enhanced when those test
plates have been coloured. Improvements of 100% in salt spray resistance may be
obtained in some circumstances, thereby jﬁstifying the colouring of anodised articles

30 for this reason alone.



for any given set of dyes, there is a trichromc set specified which are
three dyes, nost commonly a yellow, blue and red dye, fromwhich it is
possi bl e WO 9§#388F ate a wi de range of internedi ate col our s paI/NZess@3glyes are
able to be mxed in all proportions without ill effect. 15 - Also, in
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cel | ul ose Lecule, there are secondary hydroxyl nolecules attached to the
ring: R—CEFS’H]O—I The reactive dye bridges the oxygen by the follow ng

reaction: Cell-CHerr]OH + -e};e)-S(+% I;Cﬂﬂglgféﬂl-+%&/e + HX

* This hydrolysis of the dye proceeds more rapidly under alkaline conditions,

15 which unfortunately, are also the very conditions which are required to activate and
catalyse the dyeing reaction. Since hydrolysed dye is normally poorly adherent, it must
be rinsed out thoroughly after dyeing. Most reactive dyes have low substantivity so that

- hydrolysed dye may be removed from dyed articles easily. The hydrolysis of the dye.
has the effect of lowering the pH of the dye bath.

20 Since an énodic film on a magnesium substrate comprises essentially magnesium
oxide, it would not ordinarily be expected that such a dye would work well on
magnesium. However, some surface hydrolysis of the magnesium oxide is favoured

thermodynamically:
MgO + H,0 < Mg(OH),

25 * The dye may therefore react with the magnesium hydroxide bridging an oxygen
atom as happens in the cellulose molecule. Since the magnesiurri hydroxide is formed
on the surface, this form of dyeing would meet the requirements of the foregoing
discussion. |

Application of a reactive dye to a magnesium anodic film is conducted in a



10 The result is a strongly adherent, chem cally bonded col our that
exhi bits a high degree of wash-fastness. However, an alternative and

undesi r edW6i%8M28%8act i on al so takes place: Dye-X + H err] 0 PCEREISEIO3IP X
This hydrolysis of the_dye proceeds mgke rapidly under al kaline conditions,
15 which unfortunately, are also the very conditions which are required to
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substrate. drol ysed dye i s unavoi dabdvr resent in the dye bath and sone
of this shadkadbtained, presumably because the hydrolysed dye cannot bond chemically to the

15 substrate and must be physically adsorbed.

Althoughit appears that hydrolysed dye may still provide .satisfactory colouring,

it is normal after dyeing to have to rinse well in hot aqueous solutions containing a

* wetting agent, to remove quantities of unreacted and poorly adherent dye as otherwise
drying marks will affect the finish of the magnesium article.

20 The functional groups present in a reactive dye' are nomally vinyl sulphone or
derivatives of trichloro triazine (cyanuric trichloride), such as monochloro triazine.
Some reacﬁve dyes comprise two or more reactive groups. In cases where two reactive
groups are present, a benefit may accrue from combining, for example, a vinyl sulphone
with a- monochloro triazine group. If one group is hydrolysed, the dye may still bond |

25 chemically to the substrate.
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10 diffuse into the pores of the magnesiumarticle and adhere weakly to the
surface. It seens that long after a reactive dye woul d be regarded by the
textile iwmowsEIsys as unsuitable for use owing to the extengcraizgs/iboods ol ysed
nature of the dye nolecules, it is stiI_Ilé)(_)ssible to-dye anodic filns on
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hydrol ysed, the dye may still bond 25 chemcally to the substrate. [err]
WD 98/ 42895 : PCT/ Nz98/ 00039 - 18
- Reactive dyes shpyaintdy D% Sysef BHE St atk CoRRPE by ABchiAE aCRbbiil 0Se
fibre thus enabIS!ang tr%ée})lre ctiyrlff%?s geﬁle‘?‘g[flya rregns ong ch(r:olrrgg'hore _

only, and thidmeptuitdo aeedctive\dye] bgcasatly cises shemvldculs Bgenefally tbodigeee a
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produce internediate col ours by. attaching a second chro hore tQ a _
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trichloride. To col our an anodi zed magnesium article in reactive dye we

recomrend tfsHowing steps be carried out:

15 1. Article thoroughly rinsed following anodising process, especially if process is
an acid-fluoride process.
2. Prepare reactive dye by heatihg deionised water bath to around 60°-80°C.
3. Add salt (if required), base (such as sodium carbonate, if required) and alkali
(sﬁch as sodium hydroxide, if required). |
20 4.  Add dye and mix well to ensure coinplete dissolution.
Introduce article to be coloured and maintain temperature. Most reactive dyeing
ﬁrocesses will require 20-60 minutes.
6. Rinse article in hot water, preferably 85°C or higher, containing a wetting agent
| such as ethylene glycol, maintaining article in rinse bath for at least two minutes.
25 7. Repeat step #6 until all residues of poquy adherent hydrolysed dye are removed.
If the rinsing procfess is not carried out correctly, hydrolysed dye will leach from
areas that are drying leaving drying marks on coloured articles. If necessary, such marks
may be removed by re-rinsing in very hot or even boiling- water. Concentrations of
reactive dyes used to colour magnesium are often greater than those employed on textile
30 materials. There is no need to use auxiliaries which for textile application are present

to aid in fibre penetration.
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Sodi um hydr oxi g rb@n@0[25% cBht&@Htratiyndye bath solution to 11.5 - typically
~this is around 0.25% concentration

* Dyeing time at least 10 minutes. Preferably about 30 minutes
* Rinse step, highly preferred - hot water containing a wetﬁng agent such as
15 ethylene glycol 0.1%, most preferably 80°C (or greater) for one minute or
longer. |

Preferably the article is a temperature where it will quickly dry and there will be
no leaching of hydrolysed dye.
(b) Monochloro triazine functional groups:
20 * Anodic film 15 microns or greater most.prefexred
* Dye concentraition 0.5% to 2% |
* Sodium sulphate concentration 0.5% to 2%, equal to dye concentration
* Sodium carbonate 1%
*  Sodium hydroxide 0.25%
25 * Temperature -- most preferably 70 °C (the process probably works quite well at
| ~ any temperature above this, but fairly slowly at lower temperatures)
* Time - at least 10 minutes - 30-60 minutes is typical
(¢)  Other types of reactives - conditions most favourable to our applications are

similar to those above e.g. a dichloro triazine dye requires similar temperatures and

30 concentrations to a monochloro triazine dye. Pyrimidine based reactive can also be

~ used.
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form an ionic aqueous solution under conditions of alkaline pH:

Dye-SO,H + OH" < Dye-SO, + H,0

15 As the dye chromophore is negatively charged, it is attracted to any ions that are
positively charged and repelled from negatively charged ions or surfaces. The addition
of an ionic salt is thought to assist in dyeing partly because of the “common ion” theory
in which the dye is “salted out” or aggregates are formed. As thereisa balancé between
water solubility and affinity for the substrate, a balance betweeh exhéﬁstion of the dye

20 onto the substrate and that remaining in solution is established. The fnore alkaline the
PH, the grqatér the water solubility of the dye. Aftera pbint_, it also increases the affinity
of the dye for the aqueous phase, rather than the insoluble fibre, hence it reduces
exhaustion of the dye. |

It is possible in some cases to improve the fastness of the dyed article by after

25 processing the dyed article to render the dye in an insoluble form. This may be done by
increasing the size of the molecule. Direct dyes Wﬁi—éﬁ"égﬁt'aiﬁ ma-l"i)'i'i'ﬁiary amino group
attached to an aromatic ring may be diazotised and cdupled to a naphthol component.

This process tends to alter the dye colour as an azo group is added:

Ar-NH, + NaNO, + 2HC] < Ar-NNCI + 2H,0 + NaCl



and the fibre, thus enhancing dye uptake by the fibre. Oten direct dyes
contai n sodi um sul phonate groups. These ensure high water solubility and
enabl e -t hwWOPpE2895| ecul e to form an ionic agueous sol uti on RERINZISMEPIPi t i ons
of alkaline pH Dye-SOerr]H + O+ DygrSJerr] + Herr]O 15 As the
dye chronophore is negatively charged, it is attracted to any ions that are
positively charged and repelled from negatively charged ions or surfaces.
The addi ti on Af-NaCl ¢1T,gHs@QH* PsAr-INNgh\ HiOHassi $B-naphthod(axobglewd)| y because
of the "common ion" theory in which the dye is "salted out”™ or aggregates
are formed. As there is a bal ance between water solubility and affinity for
~the-substrate, a bal ance betweehNexlradsti on of the dye 20 onto the
substrate and that remaining {n establ i shed. The nore al kal i ne
the pH, the greater the water of the dye. After a point, it also
increases the affinity of the e aqueous phase, rather than the
insol uble fibre, hence it reduses” exhgdistion of the dye. It is possible in
sone tases to inprove the fastness of the dyed article by after 25
processing the dyed article to render the dye in an insoluble form This
may be done by increasing the size of the nolecule. Drect dyes which
contain a pri iR lcOHprRid s tRai bbk tériti

di azoti sed an%%%%l egdéa%% aﬂfr?apht%oli]&ggongolﬁrehn)?r%r%i sﬂprﬂggg}égﬁ%{%ﬁglsa%%e alter
the dye sddedud iffprove wash-Jasingsst s added: Ar-NH err] + NaNJerr] % 2HC
Ar-NNCI + 2H err] 0 + Nad WD 98/ 42895 ’

PCT/ NZ98/ 00039 - | OH .

*[ err] - napht hol fédsH’%\QF% 3[+e?7f;{5§5’g%§{%ﬂ§%%%§@%ﬁ gd:ge;r} ong chain

e Do R e R o e BAE R PSSR So Such
H - . . ; . i

or gani o WL AL A idobiFsafillo PiPafert Bl clse the pregiBRBENIARE 13,

to an aqgﬁpus solution of a direct dye will cause the precipitation of the
t

dye. In e case of magnesium the dye may have affinity for the |ayer of
hydroxide  In the case of magnesium, the dye may have affinity for the layer of hydroxide

formed at the surface of the anodic film, the bonding that results being hydrogen
15 bonding similar to that existing in water.

Application of a direct dye to a magnesium article may involve a solution being
made comprising the direct dye, a salt (commonly sodium sulphate) and in some cases,
sodium carboﬁate or other suitable base. The use of sodium sulphate is preferred over
the use of sodium chloride as chloride ions are noted as initiators of pitting corrosion

20 and are therefore an unwanted species inside the pores of the anodic film. The dye is
normally heated to around 70°C, although in some cases higher temperatures may be
desired.

The dyeing is normally complete after 60 minutes.

Since the soluble dye molecule tends to be negatively charged when the sodium

25 sulphonate group dissociates, an anodic voltage applied to the dye bath can improve dye
deposition substantially. Such a voltage is ordinarily fairly low but depends on the
thickness of the anodic film as this is an efficient insulator. Voltages less than 50 volts

are normal.
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dye depogi tion SUbiéQ%nt lally. Such a voltage is ordinarily fairly | ow but
depends on t hEeatiobthésandrnmgeseartiglecior S0mimyteshi s is an effici ent

i nsul atog. Vo tggg@l ess,than 5 VO ts are nornn 98/ 42895

|, 30
PCT/ Nz98/ 00039P VAL VA] & Vorgee o I&W’@&hwéﬁrtqf\ﬁs\f- * Prepare
dye bat hx at aRSﬂ\'&@@"&tiﬁ&té anging from0.5%to 2% wv * Add sodi um

sul phate at simlar’ concentration; viz 0.5%to 2% wWv * Add sodi um
carbonate, 0.5% w v, especially to direct black dyes 5 * Heat to
60[err]C and imerse article for 60 m nutes * Optionally, apply an-
anodi c vVEA'B®yeso the part in the order of 10OV. * Renove, rihse and dry..
VAT Dégs 10 Vat dyes are in fact insoluble &D%ments t hat are reduced
to al@ater soVabfyesaseblactingplublepigamenisthabarsireduned to arwatppsolubleilencat 0 a

| nsol ubl Ui GrAlRES ST BOT ok RPURRYOT Foh fobiih LA 2 4GV ABRESEHE FFlEa hod
Ceuco 1 Pt Gl Aot Back £ 5351, HHEHied et 13080 YRl PebiA el g
" Vat fast on the finished article. According, the vat “dye” as such has a transitory existence
in the leuco form. Vat dyes are described in the Colour Index under the heading “Vat
15 Dyes”. Most are based on 9,10 anthraquinone, which of itself is colourless. However,
once azo or other chromophores are attached to the ring structure, a wide fange of

colours may be obtained.

20

0
Vat dyes include indigo, a substance originally of natural origin, which is not
light fast, but which over time fades gradually in successive washes and is favoured for
25 demm to create the characteristic “faded denim” look. Indigo and a few halogenated
derivatives are still in ué:e, although only indigo and tetrabromoindigo are of . _ .
commercial importance currently.
There are also fused ring polycyclic compounds that form good vat dyes.
Vat dyes are characterised by the presence of a keto group which can be reduced

30 to an alcohol. This may then form a salt under conditions of alkaline pH:



15 Dyes". Mst are based on 9,10 ant hraqui none, which of itself is

col ourl ess. However, once azo or other chronophores are attached to the
ring struAMB2893 wi de range of colours may be obtained. [BEFNZLE003y es

i ncl ude indigo, a subst.ance originally2®dt natural origin, which is not
“light fast, but which over tine fades gradually in successive washes and is
favoured for 25 depimtq gﬁﬁte the characteristic "faded denint | ook.

I ndigo and a few h "cé;nenap dene: s~ e HG(salt of enalfermy| t hough onl y

i ndigo and tetrabranpi pdi go gre of, commercial jnportance currently. There
are al so fusedlfi ﬁ%t pefa@y%‘lq?cb’éf@ﬁﬁd%é&wph‘éﬁt dyer Ahisoisaweter solubde avdtis dyes
are chargctesrised_hy.,the presence of a keto grqup which cambe-reduged -30 -
to-an al @’Sﬁ%rf’?e 3 %"y r?ﬁgﬁ ‘S‘qa&r Wﬂﬁ?&%&& ﬁ'teﬁfpdptfﬁgﬂgsg;so blaapdds pH;
WD 98k42 : - PCT/ Nz98/ 00039 - 23
- [eré] C@%ése[dearsrﬁ%%sn{'enol form [err]CHO (salt of enol form The "salt"
of the enol fpori belidved thetieat Upés foren hldtSgenSbddsCto pRignRbRnR RYdkckid
therefore a true dye, rather ch% a pi g_-rggﬁ(?gwhereas the%glet on?o?m?%% ©

i nsol ubl modemhless thexsbysfrthing @ dyednmnfacel {Td dybedn emedizeiainagaésidiedrf or m
hydr ogen bonds to nmagnesjum hydroxi de nol ecul es, thereby form ng a dyed
sur f ace. magnesiumaalloyhardicleswithagied syerworecommend the fellovyngstepsie with a vat
dye we recommpgnd the fall owing steps:, .1l . | spersion qf th e in water.
This it be. Dirhersign of e el AT Tbishsthadsnte gyent, wiihgut fg, fogmation

par (181 ¢ st 2 Ol SRRl AR e B ot A it or 1

be made. 2. piR{UCEIZO B les¥Hantl MA! EbHNB A EvEn HidheRE ol 9 thratdrts HERSEdeL ONMON -
in dyeing textiles is sodiumdithionite, "usually Known as sodi um '

hydr osul phi t eRedhétiorpr odhiteevartidis ageits hoaynbe fusedyethd yrostSagimnondint dl;'veiﬂ"gt e
gi ves satisfactory results 15 . . when the dye is to be used on nmagnesium
substrates. 3textilgyisoseringndihiopifs, gyeally knownkas sediusw hydresudphitenThisuco

t d [ dsorped gnto e r.f.ace of, the nesiumarticle, form an
\é\all enl zec IoIS oﬁr %EP‘E\SF? e"fn‘%{l‘_&@i gf\ﬁéﬁ EYFarﬁquIBﬁ Oﬁﬁg"é’% Fé@ﬂgﬁo It

presqat in the saldil 10 idBbd &Y dn magnesium substrates. '
3. Adsorption of the dye - in alkaline solutions, the leuco vat dye is adsorbed onto

the surface of the magnesium article, forming an evenly coloured surface.
Excessive quantities of undissolved pigment present in the solution may result
in “bronzing” of the surface so this _sh0uld be avoided. =

20 4. Oxidation of the reduced dye, once it has_formed a layer on the substrate, may
Be conducted by an oxidising bath or simply by sufficient exposure to air.
Suitable oxidising baths comprise hydrogen peroxide or sodium perborate
solutions, but alternatives including dichromates may be used. The optimum
'oxidising bath is acidified to a pH of 5-6 using acetic acid. It should be noted

25 that the colour of the reduced leuco form of the dye may not be identical to the
insoluble pigment 'fc__)rm and thus to some extent the final shade obtained may
depend on the oxidant used. An example of this is CI-Vat-Green 9, which is a
very dark olive green as oxidised by air or hydrogen peroxidé. However, it can

~ be oxidised in stronger oxidants to a neutral shade of black.
30 S. Rinsing to remove any excess dye follows oxidation and in most cases there is

a rinse stage between dye adsorption and oxidation to remove excess reducing



in "bronzing" of the surface so this should be avoided. 20 4. Oxi dati on
of the reduced dye, once it has forned a | ayer on the substrate, may be
conduct edwbywsageeexi di sing bath or sinply by sufficient expeauwsiocosa .
- Sui tabl e oxidising baths conprise hydrpgen peroxi de or sodi um perborate
sol utions, but alternatives including4ichromates may be used. The optinum

oxidising bath is acidif.ied .a pH of 5-6 usi acetic acid; It should be
noted 25 agepﬁé?&?ﬂ@ilcm%fiﬂg“%?? HWPBH&@&F‘{]&TCO formof the dye may not
be identical | | nt .for nd_thus to.sone extent .ithe
final shade- o%ﬁ%ﬁ%ga&%_gﬁ%%gn%}%ﬁﬁyh@fa&%gqte’ﬁﬁg%%‘.’e ’;&ﬁu S%%aé‘ rB?‘fl{Wi sis
Ol -Vl GeBaRich of il Al FsinPol Biedybal bie¥Sred] R800F SR ldfalnblt. Jofnd"
hydr ogen peroxi de. However, It can be oxidised In stronger oxidants to a
neutral veidges ok afeoteld by3ight in the 1&idesfons, while otiRteaPrecipiterd byyaldiah OWs
oxidation and in nost cases there is a rinse stage between dye adsorption
and oXi dahs imtheowatemsupplyxDetonisedowaien ghould\we @&l fp8peeparation of vat dyes.

PCT/ Nz98/ 00039 -24 - agent and alkali, in additiaon to any unadsorbed dye.
The procRBA @e@m%gnsémgwéaswe; mugtheceay careiul BRssd ROTeUBIPERCHAI IO esul t

in reductin af the eno) f fi the.dye and therefore a | oss of shade and
{ ast nesdegaficanfingiotbe PRIl iy A mpaRc N ionEmed e ciieR.

ot hers : D ' ions in the water supply. Deionised
wat er 3%1%6 elﬁgéﬁbﬁgx#&)gpggg?aﬁ@o%%ﬁ‘ vat dyes. Anodi zed nmagneSi um
substrates nust be very carefully rinsed prior to introduction fo the bath
contai ning the reduced | euco dye as free magnesi umions nay al so

preciPi t HatDyes i(Woost Prefervedrfomditions)m t he dye bath. 10 Vat Dyes (Most
Preferred Condition vat dyes haye sonme co n feeﬁegﬁes regardl ess of

): A
whet her the dfdl vaf dyes v SOmeFOHmMan featiad Fegarglses of Jthetherdhe wdygcis & at
dyes the._axi dati %pl‘,:irocedur Is slightly different because of the
di fficul 18,0% SPEHRAROWE RPS i ng bl ack through dye systens. A chronophore

15 ol ecul & pgssRapBRcR vaPARLY the BRIGHIBHGHOURHR istightly biienPSEASEoP the

~ absorbance of certaln portions of t ght “spectrum by the
nol ecul ethe Tdifficulties Kknhexgut i achivwinh Hadkt theough dyel systenid) eA velaohiophbreght

spectrum Since this ideal case is not in practice .

15 molecule possesses a colour, as viewed under wﬁite light because of the absorbance of
certain portions of the visible light spectrum by the molecule. True black requires the
absorption of all of the visible light spectrum. Since this ideal case is not in practice
readily obtainable, the most common procedure is to take a very dark colour and apply
it in a manner intended to generate such a dark tone that it appears black. This may be

20 done in a few instances by a more aggressive oxidation of the leuco dye. CI Vat Green
9, as referred to above, rriay be made to 'a_ppear black in this manner whereas it is
normally a dusky olive green shade. It is mdre difficult to achieve thts result on a
magnesium anodic film substrate than on a cellulosic textile substrate and it is thus not
part of the preferred procedure, nor are the oxidants '(chrome VI) commonly employed

25 for th]S i:\irpose regarded as satisfactory for application generally.

Common features:
Preparing vat stock solution:
* Heat deionised water to 85°C
30 * - Add100g/litre of dye (as supplied, the dyc; is actually a pigment, comprising the

water insoluble keto form of the dye)



readi |l y obtainable, the nbst common procedure is to take a very dark col our
and apply it in a manner intended to generate such a dark tone that it
appears MNQ#¥428%hi s may be 20 done in a few i nstances byPETAZPYOMIYr essi ve
oxi dation of the leuco dye. Cl Vat Gepn_.9, as referred to above, may be
made to appear black in this manner whereas it is normally a dusky olive
green shade. A{qhSorViRrdbf 10 fidldr ddd ' i . a-hagnesi um
anodic filmsubstrate than on a ce Ib%tsq}?@)g%eisﬁle"{tfsaozlglgppg/ti@%z;nd it is thus
not part*of thixicroaghlydthencakiddure, nor are the oxidants (chrome VI)
commonty -enpl oyed 25 for this purpose regarded as satisfactory for
~appticat¥ ong tre godioondithiohitet ur es: Preparing vat stock sol ution: *

. Heat _deignised water tq 85[err]C 30 * ~ Add 100g/1itre of dye (as

suppl i ed® t heAgifatejat Sécﬁuger%}’fesnmﬂ%ﬁthewﬁg}m dtin daviatstoppened flagk e
ket o form of e dye 8/.42895 . . )
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sol ution (4008 ]attle®therwise: Migh 4 I e ameitgan 000/ i tre

sodi um di t hi O%Atae-s ?Ar&l?%te atd?@%ﬁbr%ra]%tFg?seﬁeﬁ?%etnseﬁlﬁﬁ?%s t hen cool and
hold in dark, stoppered flask 5 (this is necessary because the

sol utdion will absorb oxygen fromthe air and denature otherw se; also sone
| euco vaTodyat the dy¢.irgady foruseti ve). To "vat" the dye, ready for use: *

Dei oni sed water at 60[err]C _800m /litre %_i e: to make 10 |litres "of dye,
start WYh g Weionised water a0 6s - RA0smllitse (igatompke 10 litrepof dye,atart withed of

10OM sQdi um hydr oxi c o Ad g/litre sodiumdithionite * -Add
100n1ﬂ/i)l itre sﬁ%ﬁ%ﬂ@"é%’é%t"ﬁ’ag?ﬁwake up to full volume with deionised water
and dye partsAhg\ 11RO v odhem hrydroxiélgo[e”] C or greater for 30

fter [

m nutes. * yeing, rinse i cold water for 5 seconds * After
“rinsing,*oxi dagd S'gMIi’@e soditiin dithieaizeai ni ng sodi um perborate (15.4

* Add 100ml/litre stock dye solution

Make up to full volume with deionised water and dye parts to be coloured at

15 60°C or greater for 30 minutes.
* After dyeing, rinse in cold water for 5 seconds
* After rinsing, oxidise in a solution containing sodium perborate (15.4

grams/litre) or hydrogen peroxide (0.5%) or a mixture, adjusted most preferably
with acetic acid to é pH of approx 5, for five minutes.
20 * Remove, rinse and dry. '

Instead of oxidising in hydrogen peroxide/sodium perborate, the article may be
oxidised in air (but the full oxidation process takes several days) or other oxidants.
Sodium or potassium dichromate, acidified with acetic acid is quite effective.

The vat dyes may be operated at a higher concentration than this - these figures

25 were intended for textiles. We found that a better shade respilted from doubling the
~concentration (this meant using 200mV/litre stock solution instead of IOOmVIitre).

Vat dyes do not last in air because of the absorption of atmospheric oxygen and
the downward drift of pH which should remain above 12. The pH drift is due to the
acids released by the sodium dithionite as it reduces the keto pigment to the enol form.

30 If extra sodium dithionite has to be added, sodium hydroxide must be added with it, in

a ratio of 1.2 parts sodium hydroxide to 1 part of sodium dithionite.



grans/litre) or hydrogen peroxide (0.5% or a mxture, adjusted nost
preferably with acetic acid to a pH of approx 5, for five mnutes. 20 *
Renove, rwoow4rmesl dry. |nstead of oxidising in hydrogen pecegnNzZegoediasi um
perborate, the article my be oxidised_in air (but the full oxidation
process takes several days) or other o%Pdants. Sodi um or pot assi um
di chromage aciﬁified with acetic acid is quite effective. The vat dyes may
be opera alphyr Y&¥ gher concentration than this - these figures 25 were
shade resul ted _from doubling
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di t hi éni Lakewed dyes, balphundyks aseiti faot fiyely dispdsedpidmbnts atdelimtist Be fdduckd 2
ratio of 1.2 ID%{tts sodi um hydroxide to 1 part of sodiumdithionite. WO
98/ 4289510 a soluble form in order for dyeing to proceed satisfactorily. AReTdyeing/ the@se is 26 -
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in order for dyeing to proceed Satisfactorily. dyeing, the dyeIs

oxi dilfed ehaatichemistiyeof axsudpmbd dyefiostill net fullyrunderstdsd, dut the redutiditieatfion
solution containing a suitable agent, often hydrogen peroxide or sodium
per bor at Br9g¢ed%jueous sol uti on. A sul phur “dye is nornally a disul phide,

whi ch may be reduced to a thiol. The 10 exact chem stry of a sul phur dye

is still not fully underst oomr.@g.Aﬁ-h-e[zu-gduczAQBH eaction proceeds:
Ar-S-S-Ar + [2H 2Ar-SH The leuco formof the sul phur dye is applied to

the article i WIRS | S f -oun

80[err]C, in F Rg pr gsl%ﬁggfg?é %ﬂp%rnf})g qgsl g#@%%ﬁig%ﬁ@%ﬁ ﬁhﬁ’ qf%c’%ﬁ P%ﬁ?@ agr

sodi um sglepatdeempbiatiresfies aoundB 00 34 fd 2Bsedbe bPsn btk salt, often sodium
1.5 chloride or sodium sulphate, which assists the exhaustion of the dye.

The reducing agent for the dye may be sodium dithionite but there are also
proprietary agents available. Glyceraldehyde, hydroxyacéfone, certain sugars, and
various other agents are commonly found constituents of such reducing agents. Some
proprietary reducing agents also contain alkalies, as these are also required to generate

20  the soluble leuco form of the dye. This limits the requirement to add alkali separately |
to the bath.

Alkali is also required to enhance the solubility of the thiol. In commercial
applications, sodium hydroxide is normally used although other alkalis serve equally
well. '

25 - One'problem in connecﬁon with sulphur dyes is that some dye decomposition
may take plage on the finished article. This results in the liberation of acid residues that
may damage a magnesium part. For this reason, a finish in a mildly alkaline oxidising
bath, rather than an acid solution is advised. |

To dye an anodized magnesium article using a sulphur dye we recommend the

30 following steps:



The reduci ng agent for the dye may be sodiumdithionite but there are also
propri et a%a ents avail able. d yceral dehyde, hydroxyacetone, certain
sugars, a Bus other agents are conmonly found consti PGEMZISBA3Luch
reduci ng agents. Sonme proprietary reducing agents also contain al kalies, as
these are also required to generate 20 the soluble leuco formof the dye.
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ance t
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results inthe lib ﬁ%\ n.of acid residues that may damage a nagnesium_
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PCT/ Nz98/ 0003 d. lowdisy rticle rinsed thoroughly 2. Sul phur'
dye bath made ene?ﬁgs %%latlgd to%Iat?‘g rlfg 90[err] C. Dye bath contains an ionic

sal t, sodj,um srwaﬁhai&leﬂieedmbmmegoe@ fo! 3@%&%&0&@%%9@ g0 be
used* Reduci ng agent is added to formthe | euco lumdithionite
is 5 _ ugmdserdodi um hydr oxi de or another base should be added as t he
reduction process geperateg acid, lowering the pH 3. Mai ntai n“t he dye
bat h at gb[errW@Sh@ﬁg@eﬁﬁ .es With the magnesium article present. 4.

ash o Q(d e the dye to.th | ubl
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col our as the i'nso e pignent formed upon oxidation.
nature of the oxidant used can affect the final shade of the dye and the leuco dye

may not be the same colour as the insoluble pigment formed upon oxidation.
15
SULPHUR DYES (Preferred Conditions)

The sulphur dyes work much the same way as the vats, except the complex
polysulphide rings are actually split into two by the reducing action of the reducing -
agent which is then soluble in alkali. The most favoured procedure, at the moment, is:

20 |
* Start with 800ml deionised water at 40°C
* Add 80mU/litre of sulphur dye suspension (CI Leuco Sulphur Dye Black 1 is sold
as an aqueous suspension of the pigment). _
* Add 80ml/litre of Reducer NS™ a proprietary alkaline reducing formulation.
25 Add 1 g/litre sodium hydroxide |
* Agitate for ten minutes then heat to 85°C S
* - At 85°C, add 60 gflitre sodium chloride or sodium sulphate over ten minutes.
Raise temperature to 95°C.
* Introduce article to be coloured and hold at this temperature for 30 minutes.

30 * Rinse in cold water for five seconds

Oxidise using hydrogen peroxide/sodium perborate solution as per vat dyes for

Gﬁm&a&qmn-ﬁa@derﬁ mcfpynéhekl@um dyo)f snchungdmmomte isat her



15 SULPHUR DYES (Preferred Conditions) The sul phur dyes work nuch the sane
way as the vats, except the conplex polysul phide rings are actually split
into two Wwp9skzs9s educi ng action of the reduci ng agent whi @erinezosbeizssol ubl e
in alkali. The nost favoured procedur_gs*_at the nmonment, is: 20 * Start

wi th 800m deionised water at 40[err] Add 80m /litre of sul phur dye

~suspension (C_ Leuco Sul p ° | ac is spld as,an agueous suspensi on
of the pignen e_n({ay mmu%aapggr@yﬁﬁg? Vv fd%'wsmaé‘%?gm esgdy al kal i ne
reduci ng for | x ' . ' LOX] * Agitate
for ten m nutrrg}s‘@?tﬂaﬁégi{(h?gpg% is-ers h%ahﬁe&gﬁaogbg,%@yd%r%egﬁsltwﬁl um
chl ori dexcyd upSfidetBisstsXi, WHvlels amRBafivEatifre fHahRSy ﬁ{ﬁd’x é’z?lrf‘o 1
95[err]C. * ﬁ&gl_nt roduce _articl __e__tr%gbe col oured and frlm %Ia(?tlt |sdtl@ﬁ]m'

t enper at Wiecthérefordecomutend noBfhaking theRixidisirigbath adidi@iresrdepto fiaitRamagonds *
Oxi di se using hydrogen, peroxi de/ sodi um perborate solution as per vat dyes
for S ekalneisurfare on he magnesium anodic film. _

PCT/ Nz98/ 00639 -28 - twenty mnutes at 50[err]C. As for vat dyes, various
oxi dants may be used. One problemw th sul phur dyes is that there is a

t endency es to rel ease acid upon deconposition,which is a
nega—t-—i.venﬁsg':gf.%ér@yg%rt his will attack the anodic film W therefore

reconmend not ' X116k ' inethfiyn r ' 5
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al kal i ne surface on he nagnesi um anodi c D sperse Dyes The"Co _

| ndex | isérded tolarbimtentionalipminsohulsiewoampmundeo cheaternpiye; evhich xoappdiddtas zan

i ntentionally insoluble conpound to create a dye, which is applied as a 10
finelQ dfinglydisngrsedsyspensim todya pertaiatypasoffipsess sugh asipolyesters.(desadyes

110 L A B e s St St 8
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fibre. raqui none di sperse dyes are co
migrate into the fibre. Monoazo and anthraquinone disperse dyes are common, but a

range of varieties exist including diazo, nitrodiphenyl, methane, styryl, benzodifuranone
15 and qﬁinophthalone compounds. Carriers such as chlorobenzenes or aromatic esters
increase the affinity of the substrate for the dye.
Since these compounds 'vs./ork by intermolecular penetration into textile fibres,
‘it is not obvious why' fhey dye magnesium anodic films although these films are not
- simple compounds such as magnesium oxide as a variety of species is present and there
20 is some hydration at the surface. It is known that staining sometimes occurs with
disperse dyes and this may result in quite a wash resistant colour, hence it may be that
the bond between the anodic film and the dye is more of the nature of a stain. This does
not of itself imply that the coloured article is unsuitable for general application. It is
believed that these dyes enter and plug up pores in the anodic ﬁlrh thereby imparting
25 acolouring effect. | '
Disperse Dyeé (Most Preferred Conditions)
* Make up dye dispersion in water to required stréngth 0.5% to 2%
* Add carrier (generally an aromatic ester), 2%, to dye bath
30 * Heat to boil and introduce article for 30-60 minutes.

*  Remove, wash and dry
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PCT/ NZ98/ 00039 -29 - O her Dyes In addition to the categories |listed above
it is posssprhgcontactiimes) result infastainthat noayt e regamied ms gatisfactoracolduration.
oxi di sed_fil m_substrates_using sone other dyes. Acid dyes nornal Ty attack
bot h theTQ&Bﬁﬂﬂ‘éttngé?mC%@’rBiv@qlaleﬁfaﬂé clearly 5 wunsatisfactory result.
Howe\fﬁr, by substituting lactic acid or sinmlar organic acid which forns an
i nsolFtibl e magnesium salt, for acetic acid in the general forrmulation it is
possi bl ext o opL&aiNa@dl-e359%90r essi ve fornul ation which can, for very short
| mer sions or spray contact times, result in a stain that may be regarded
as satis¥act opgic@yeow@siazm. To conduct this procedure would entail: 10 *
Lactic acid -- 1-2%* Acid dye -- 0.5-2%

* Optionally sodium sulphate 0.5-2%

e,

* - Heat dye bath to 60 C or greater
15 * Immerse magnesium article for short period, ideally shorter than 2 minutes

* Wash thoroughly

- A uniform stain may result ‘without any significant surface or substrate
degradation. However a longer immersion may result in a loss of the anodic or oxide

20 film and attack of the substrate.

AZOIC DYES
‘These are really a 'special catégory of direct dyes in which the adsorbed species
is colourless until diazotised by the procedure described on pages 19 and 20. The
25 diazotisation creates the required colour. Genetaliy these dyes are naphthol or
__phthalocyanine based. The intermediates involved in this process include relatively
unstable diazonium compounds thus this procedure is quite sensitive.to environmental
fluctuations. )
It is best to use these dyes at very low temperatures, around freezing point. The
30 optimal procedure involves:

* Introduce magnesium article to colourless coupling component in solution in



* Optional ly sodi um sul phate 0.5-2% * Heat dye bath to 60 C or
greater 15 * | mrerse magnesium article for short period, ideally
shorter tyyevsd2sysnutes * . Wash thoroughly A uniform st aigeraesioasyl t

wi t hout any significant surface or sul@trate degradati on. However a | onger
imersion may result i a loss of the~“anodic or oxide 20 filmand attack of

t he substrat& C D\{)ES These are.really a special category of direct
dyes in whic el MCHRIDG Graeonsait is; otgh 3 fervakive of i3-hydraxpi2-saphtheict he

et e SRR e R ST T
e L T Gl e 6557 MR WAL TN,

di azoni um conpounds “thus this proc re’is quite se 0 envi

f | uct uat¥ ons.Inldepharatdeedsel, pregsare idiesmmtnaalta Whidé Yhik 93VbéR SR Rsdd ASthear ound
freezing point. The 30 optimal procedure involves: * | nt roduce nmagnesi um
article to cdiysiechdende salil itniy preferablento iamokbminemah acids bedAls® Jf 4h8RS

PCT/ Nz98/ 00039 - 30 - bath, The coupling conponent is often a derivative of
3- hydr oxy- 2- riSRA#R0GY;te affacl th B h to el evated tenperature, 70 C or

greater.g* | ' i | phat e e _added t,0,1 maprove
upt ake of Cou%%b{rggﬂichgﬁﬁﬁlsé%@%ﬁ?gzgg o e)éi)egﬁén gf"‘&%ﬁ“&ﬁ?@ﬂ? * Wil e
this is best stabilised as the 5 hydrochl oride salt, it-is
preferable to avoid mineral acids because of their tendency to attack the
substrate. * The Eslonted dyetwill be foramsdiasideithe aneditfiland i merse it in

di azonium salt bath. The coloured dye will be fornmed inside the anodic
fil 010 Application to anodi zed magnesium Clearly, the ability to col our

an anodi zed ,rrgqgnesi um 1:iu't i.cl e is_a considerabl e advant age when such net hods
are not ABRUFafiey tognodized magnesium hi ghiy process-speci fic

Clearly, the ability to colour an anodized magnesium article is a considerable

-

advantage when such methods are not generally available, or are highly process-specific
and awkward to apply. The dyes and methods of application outlined above are
15 generally applicable to magnesium anodising processes, including that outlined in PCT
NZ96/00016 (WO 96/28591) and the prior art processes known as “TAGNITE™”,
“MAGOXID™”, “DOW 17™" and “HAE™",
The MAGOXID™ process is disclosed in US Patent 4,978,432. TAGNITE™
_ is described in the Society of Automotive Engineers (SAE) Aerospace specification
20 AMS#2467 and US Patent 5,470,664.
TAGNITE™ is a “spark™ anodisation process characterised by the presence of
plasma discharges all over the surface of the part during the process.
“MAGOXID™" is intended to produce a layer comprising magnesium aluminate
and magnesium phosphate, using a pulsed or AC current to achieve cationic presence
25 near the substrate surface. It is described in US Patent 4,978,432 and has been referred
. to herein above. o | |
DOW 17™ is an acid fluoride based anodisation process that produces an
intrinsic green film whose colour intensity depends on the end point voltage of the
process. In some cases it may be very dark. Clearly the reason why such a film would
30 be coloured would not normally be to produce a range of colours as the intrinsic

substrate colour limits this, but to benefit from the improved corrosion resistance



and awkward to apply. The dyes and net hods of application outlined above
are 15 gYevneraI | y applicable to magnesi um anodi si ng processes, incl uding

t hat out | VRS§42$5PCT Nz96/ 00016 (WD 96/ 28591) and the pri OPCENEZOgIOOIIESSES
known as "TAGNI TE[err]", "MAGOXIOf ercRhy,. "DOW17[err]" and "HAE[err]". The
MAGOXI D err] process is disclosed in US Patent 4,978,432. TAGNI TE[err] is
describ ' ' t | ' r Aerospace. .
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"spar k" colvudilandts the ange of shadeslobedigablsed by the presence of plasma

di scharges all over the surface of the part during the process.
" MAGOXI Df er r HAES™ iin ar nllsdine anodising pracesaiusingconglkil ihydromido osotdéBiom
al um nate and nagnesi um pﬁosph te, using a pulsed or AC current to achieve .
cat i oni &lug JHeednisn phasphateand petassiummenganatein solutien. deprodubesivaryingS = =~

P 978, 432 and has been .ref . i . DOW 17 is
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fi 1l m woindreienients &t Salt §stayeshdsivnlresiofaiBt bitaifed B QiRgWES. a range of

colours as the intrinsic substrate colour limts this, but to benefit from

t he i npr oved Itisrowrsimderstandinp dhatethese W6loRBingARABbesses require the presence of
PCT/ Nz98/ 00039 -31 - inparted by colouring. DON17[err] colours aell in
t hese dyeagngsivmshydraxade,iahleastiai so faors teackivaidyes arecconsamedoto foranie srue

Chya ?i‘%&ni%@?hﬁé it fheipRae. WG hRG 4P e Coniner st hear pbiiganat e
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spray cofrosion resistance obtained in doing this. It is t andi ng

that t hasingceitimr TAGNITERS seshe prodese deberipede sdthie ROT NZHEH006 WIOOXI de,
at least in so far as reactive dyes are concerned, to forma true 10

cheni ¢ al%&frﬁ(? 1)y EWW%’&U‘S ¢ balieve that MAG&XTIPBhalsg predusnss sueh asurface, t hat
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The colouring processes described herein are applicable to all film thicknesses

although optimum results are obtained on thicker films.

The reactive dyes will selectively split a secondary hydroxyl group in a cellulose

molecule, as pictured below:

20
CH,OH | | CH,-O-Dye
@ + Dye-Cl <> HCl + @
25 It is our understanding (although we do not wish to be so bound) that the reactive

groups. within the dye molecules will cleave the magnesium hydroxide molecule in a
similar way, bridging the remaining oxygen atom to form a trﬁe chemiéél .cor.npo.und.. o

The other dyés, which do not necessérily form a true chemical compound, are

believed to bond to magnesium hydroxide in much the same manner as they do to a

30  cellulose fibre inside a cellulosic fibre, such as cotton. Therefore, hydrogen bonding and

van der Waals forces are presumed to exist between molecules of magnesium hydroxide



by hydrol ysis of the magnesi um oxide anodic film on the surfaces of parts
anodi zed using either TAGNI TE[err] or the process described within PCT
NZ96/ 00016ve vem289¥ 28591) . Furthernore, we believe that MAGETNzeswdo3al so
produces such a surface, 15 even thoughsthe inventors have sought to form
ot her species within the film The col oUring processes described herein are

appl i cabl g a fj i s al though optimumresults are obtai ned on
t hi cker f?’?‘ﬁtﬁ’.e é#gg,idgg%% ﬁ?ﬁ%ﬁ%@s}ﬂ ﬁe Pectively split a secondary :
hydr oxyl groupys 1 ggﬁ@ ' . . o)

It is our unde%fs%béﬁgll?ﬁg ht,%l??ﬁlgug- @—’3’5 @%ﬁéﬁ%‘éﬁ%xﬂ%@@‘gf g%ﬁﬁ%iﬂeﬁﬁgﬁlg he
reactive gieodpstront thiesurfieditherpragebaselyi ot chisielety td YRt

hydr oxi de nolecule in a sim| afﬁ?/af/?ébrl %Ig:ngc t_,h_lg1 trégymai ﬁ?%%ggg%gﬁ}?fé‘m to
form a tr Methodsofstlippingpramostlydimpit, fer indtaase, bytiinodersion iwsolodorssflattiy

forma true chem cal conpqund, are believed to bond to magnesi um hydroxi de
in nuch taad ‘é’ﬁﬁh&ﬁﬁ(ﬂo"& vergely af?#qt&%swtr@tqw ul ose fibre inside a

cellulosic fibre, sueh as cotton. Therefore hydrogen bondi ng,and van der
Waal s forces a "5F‘§§u¥?é‘ap?r8°%§88~°tw %@8&%{%@&% ar81cx9§§ﬁg@?%\¥? t®xi de
VO 98/ 428981ume. PCT/ Nz98/ 00039 - 32
- and-the dyes, just as they do within the fibre. If a colour is applied
incorrectly, or the wong shade results, it is possible to strip the dye
fromthe surface either progressively or conpletely to enable - ]
recol ourdtion. Methods of strippi ngEXAMBRISESY sinple, for instance, by

i mersion in sglutions of lactic 5 acid, which does not adversely affect
the sdfstrate. Ex8mpled herein per cent ages where the context allows are

SLB! e300 2% VA AlkiadPhi o ANTL B 0 s R BRREE A ™
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prepared and heated to 60°C. 0.5% sodium sulphate by weight was added and an anodic

voltage of 10 volts was applied to the article. After 30 minutes the article was found to

15 be a deep black in colour.

- Example 2
A second article was introduced to the dye bath outlined in example #1 above,
but no anodic voltage was applied to it. After 60 minutes it was found to be a charcoal

20 grey in tone.

- Example 3 - ,
- " A strip of hot rolled anodized AZ31 magnesium alloy, having an anodic film of -

15um was introduced to a dye bath containing a monochloro triazine reactive blue dye
25 which was freshly prepared. The bath contained: |

() 1% dye (Ciba Geigy’s Cibacron® Blue HGN)

(b) 1% sodium sulphate

(c)  0.5% sodium hydroxide

(d) 1% sodium carbonate |
30 The dye bath was heated to 70°C and the sample held for twenty minutes. At the

‘end of the:time, the 'ar_ticle was found to be a deep and uniform blue in colour.



vol tage of 10 volts was applied to the article. After 30 m nutes the.
article xﬁégﬁygﬁ;d to 15 be a deep black in colour. - Exanple 2 A second
article ' dduced to the dye bath outlined in exanpl PGHNZISHIBY hut no
anodi ¢ voltage was appl.ied to it. AfteBd360 mnutes it was found to be a
charcoal 20 grey in tone. - Exanple 3 A strip of hot rolled anodi zed
AZ31 magiiBydroiysed doy was ainised from teagticle whithahaskBbR allbWeWRS dhih ! to a
dye bath containing a nonochloro triazine reactive blue dye whi'ch was
freshly piepared. The bath contained: (a) 1% dye (Ci ba Geigy' s G bacron
Bl ue HGN) (b) 1% sodi-um sul phate (c) 0. 5% sodi um hydr oxi de (d) 1%

sodi um car bonate 30—~ -The dye bath was heated to 70[err] C and the
sanpl e held fgf ty..mnutes. At the end of the time, the article was
found to be a Ge&pPand uniform blue in col our. WD 98/ 42895

PCT/ N£98/ 0003Q dﬁ%agﬁgg 8?@#§&?oﬁﬂ9@m%ﬂ§%r¥; %lg)%\bgse cAbhied bia&‘éi? Iggigg\é\?;s ng

then allowed to dry n y Ilnarr. -
conposed CIfLeféd Silpne@yesBiack 4| 4 Hyuidadispesior of dulbhaf Bys! THaG
Sul phur Dye Bl ackl?Jl, aliquid 1cli sger Si f)lfl&olf sul%%tl}r d%l/e. T%giﬂshtﬁrgzgr%agye

was conveoneettediothesalubledéusolformnbdyfaddingnpregrietagy sqatuoiing agent, RodadeNSg
agent;, Red C%NS d salt as follows: (a) Cl Leuco Sul phur Dye Black 1 -
89 10 (Bnd salk@gfeldoweEs - 89 (¢ Sodi um chloride - 80 grans per litre The

sol ution S ted t [ ek and, t magnesi um article introduced to the
bath for (%i rl@iﬁ%ﬁﬁt&% rte]ﬁeyé%r\?c 1-|’B€/'had an even flat black appearance.
Fi ni gly NGy on@{égﬁg&ﬁsr_ig%e I n hot water then an oxidising bath conprising
hydr ogen ;)grom e, - Lo _

(¢)  Sodium chloride - 80 grams per litre

The solution was heated to 90°C and the magnesium article introdﬁced to the
bath for thirty minutes after which it had an even flat black appearance. Finishing
comprised a rinse in hot water then an oxidising bath comprising hydrogen peroxide,

15 0.5% and sodium perborate 10 grams per litre. This bath was heated to 40°C. After this
ﬁeatment, the article was dried and when dry, had a uniform flat black appearance.

- _EXample.S.... o
A die cast component comprising AZ91D magnesium alloy was coloured in a
20 vat black dye using sodium dithionite as a reducing agent aﬁd sodium hydroxide as an
alkali. The leuco dye was prepared in the following manner: -
A stock vat dye disperéioh was prepared from 100 grams per litre vat dye and
250ml per litre 10 molar sodium hydroxide solution. To this was added 100 grams per
ﬁtre of sodium dithionite to solubilise the dye, converting the dispersion to the water

25  soluble enol salt form.

Th1s stock dye_ wgs‘_then added to deionised water at 60°C in the following

proportions:
Deionised water ' 900ml per Htfe
Sodium hydroxide solution (10 molar) 10ml per litre
30 Sodium dithionite - 5 grams per litre

Stock_solution (as described) | 100ml per litre



15 0.5% and sodi um perborate 10 grans per litre. This bath was heated to
40C. After this treatnent, the article was dried and when dry, had a

uni f or m waps/dMsesck appearance. Exanple 5 A die cast cOMpoOREMMNZSZION039 Si Ng
AZ91D magnesi um al | oy was col oured ipga 20 vat bl ack dye using sodium
dithionite as a reduci hg agent and sodi um hydroxi de as an alkali. The |euco

dye was pre L i -c;th ff J) V)i STRnner. | 3 C vgt dye is(Per I on was
prg_pared from 8" : 13 re VAt RRCG A ik 6]%? PUFRC BA Rar
G thi on FOURic 2t ot Bl s Ehirobirey Rl pHicH AT RoEAILIY b asle: 2

sol-ubl Qhe@bd%ahtwi@ﬁﬁsedﬁiﬂdsoﬁﬂﬁéﬂ ifl¥ SoNvidn of @5 %% ddebded piebRidesad Mpt er at
60[err]Cin the foll ow ng proportions: Deionised water

900m  penamisi per ditSostidimmipedbergtede sol ution (10 nol ar) | O per litre 30
Sodiumdithionite _ 5 grans per litre Stock solution
(as descri bed) | OO per litre WO 98/ 42895

PCT/ Nz98/ 008€9 %3 ~ This solution of |euco dye was naintained at 60[err]C
and the” anodr2&H 5Pt was introduced to it. It was coloured a charcoal grey

n e sol ut o D0t ok IR RRrE R A1) §fs RRCQURE o piinghulln o © =

rogen p e an granms per litre sodi um

per bor aj @isperse dye,ERRMPisperfe Reat 1itp Whichdhad beéeddded D. 1MIPer@ G, | Dy was
introduced 'to a suspension of a disperse dye, Cl Disperse Red 1 to which
had beepropdigtaty GCatdvonydacid ester carmerqgomipnudy The dyerbath wes heateddo boding er -
conpound., The_dye bata vva:g%heat ed o bo,iihing 0 point and, rf‘ai nt ai ned for
30 APnupeist and maigtamed o1 JRmimgehaleroxhightine theraagpesiun ariele Wagdoungast el
or ange- pi.nk col o A nunber of nmagnesium all oy AZ9ID test

pl ates HEP®? Bﬁ%‘&fé’@&'g%’i%k Eé@gﬁ;le !
- Example 7 |
A number of magnesium alloy AZ91D test plates were anodised to a nominal
15 film thickness of 20 microns using the process described in PCT/NZ96/00016. A
number of these were coloured using several different vinyl sulphone reactive dyes,

whereas the remainder were not coloured. |
These samples were then subjected to a neutral salt spray test as defined in
- ASTM B117. The samples were evaluated according fo the two part method described
20 in ASTM D1654. Under part B of this method, which deals with general corrosion, the
samples which were not coloured failed after about 500 hours, whereas those which

were coloured were in most cases still passing after 1,034 hours.

- Example 8
25 ~ Anacid dye, CI Acid Blue 62, was prepared as follows:
* Lactic acid 2% ' '
*  CI Acid Blue 62 (Everacid TM Blue RRL) — 1%
* The dye bath was heated to 70°C and an anodised inagnesium substrate on
magnesium alloy AZ31 was introduced to it for two minutes after which time a wash

30 resistant stain was formed without degradation of the surface film.



15 filmthickness of 20 mcrons using the process described in

PCT/ NZ96/ 00016. A nunber of these were col oured using several different
vinyl sul pYRMRUZBacti ve dyes, whereas the renminder were n@CTONZ900039.
These sanples were then. subjected to a3feutral salt spray test as defined
in ASTM Bl 17. The sanpl es -were eval uated according to the tw part mnethod
described 20 Exanfl€® D 1 654. Under part B of this nmethod, which deals

wi th general corrosion, the sanples which were not coloured failed after
about 500. houAstub Wﬁ@lfﬂ@ased(Pfd‘délrm@WMSallomeagm‘slmmentaimmtz%aﬁré&nStl I
passi ng a e 1,.034. hoyur 8 25 An acid dye, C Acid
Bl ue 62, ep%‘iaﬁaﬁné’befg et ?QJRBOSILQCH‘B% aaeﬁhae@dw*the procedwriedddsicribed dn -

E . 70 C d |
bnodi 236@3#?3& Gekorn didknsss RSl i a i Vs B slotmd ortasn 1
for two B GiyPSuRfhoRE MeAEGTE E}P'@E Bavexﬁﬁ@) %lfo&@ %tsﬁq ggﬁﬁ“ @Ovi%%ngtgsr "eda

wi t hout degradation of the surface

PCT/ NZ98t6fkaratidh of 0.5% wittnapichcBntation df MHROsEHuRY c&ﬂabﬁa«c@{ A &fd 25942 TS
al l oy (nmagnesi um containing 12%silicon carbide in a m xed conposite)
was anodseditimphydmaids: cdhedieselt deaser bitight yelloRCEONZEA6GO016 to a thi ckness of
about “5[err]m This was then coloured yellow using 5 a vinyl sul phone
reactive dye, Eversol Yellow, at 60[err]C for 30 mnutes, at a -
concentrati onﬁﬁf Pﬁ’ %wi th a concentration of 0.5% sodi um carbonate and

0. 25% sodi um Ry The result was a bright yellowgold colour. -

X1 de.
Exa e 10 10 SEOR L t was
anoglqlged to aﬁﬁm&lﬁgg of %gfrgrgr"]@%hg{n @ﬁ%ggguwﬁﬁéh%ﬁﬁggﬁ?ﬁ%g
react i veofiSunirwadscoleuBdiesingta aiwAnadphémd 'réH@:tlQE @é%&&ﬂﬂ@‘ﬂué‘“ ha0. 5%
sodi um carbonate and 1% sodi um hydroxi de, yielding a dark bl ue col’ouration

of the seomdemtrationof0.5%,together with0.5% sodium carbonate and 1% sodium hydroxide,

yielding a dark blue colouration of the sample.



PCT/ NZ98/ 00039 Recei ved 23 December 1998 -36 - WHAT VE CLAIMIS: 1. A

met hod of col ouri nghigS edragnesi um al l-oy article, said method
conpri si e Jafs2898C| U(1i of ensuring the articl epdszos@oo39r oVi di ng
the article with an her 5 oxidised surface of the magnesium

or magnesi um al l oy, the anodi sing or axwgd sing being ed _or having
been conducted in circunstances and with an el ectrol : -
does not tregy i L Xy®enrs:ch the. anodi sed or other
al um ni um val ues, and contacting sai d anodi zed or ot € 6 S LH-Tad
with at ljeast Aneethpdofesloatingh mapnesinaier maghesiahy alléy frtidlelsafd mafidder in
condi tions, or-in-a-sequence-of conditi-ons;—not--substantially prejudicial
to the i moeprisipg of iscludingrtbdistopd ofiensutimg thexarticteeblas; or fpageidimg thehdrtible
results in the chrompphore(s). becom pg associ ated, (directly or via a noiety
or speci é@ﬂa@vaeﬁ@&gg 8r Pﬁ’ég e%s ?%WE@%W@@@WS@I& aley.iand or
adsorption. 2. t . 0 of cl.ai tQ rejn said.

condi t1 ons exc‘f({@tﬁ%eg%gag%@%g‘%%p fog#x%ﬁc{%r%ﬂc&ﬁy %%}Q?geaﬁto%%swﬁ of
surface - LB RRME eS8 : 0 ' e U B s A
met hod 01?&% al ?ﬁlijhgrntl %@%@%ﬁﬂhtﬁ hrEe car P%?ﬂf@ﬂgﬁié%ﬁ@é%&@?f %g#ﬁggﬁg’f any
one.of t hetRubsadtialy %fe?ﬁdiﬁiav\ktﬁﬂﬁi ifitegditdl of bait agedized dretheratkidibed surfadeet hod
of any aone of claims 1 to 5 wherein said surface is chemcally 20

oxi di sed.yes whichressits ol thef chaemophere(s) hekoming essdctaged (diractlywroniada moibty -

or ocodi nSRAFIE SHRERE] ) P EHSTBPPIBTEL BB SHasEbhy PRHSR IS oRBo, A
anodi 380 %r- v RareliadPEaly SEREame 1%, § el il Fholii SN one

speci es ero‘g?é& PCAiARbPbYiId Bipod {14 isrfads BY&S shobld thé'pihbatnPhafi)y

one of t eceding clainms which™includes a washi ng step subsequent to the

cont act Vhddn flRivédavith eastinge. chr onophoric noiety in a liquid carnier. 30
10. A nethod of claim 3 wherein said conditions involves a near neutral,

neutral o3. A method of claim 1 or 2 wherein the carrier is aqueous.
4 A method of any one of the preceding claims wherein said surface is anodized.
15 5. A method of any one of claims 1 to 5 wherein said surface is chemically
oxidised. | _
6. A method of any one of the preceding claims wherein the conditions include

elevated temperature(s). '

7. A method of any one of the preceding claims wherein the step of contacting is
20 by jmmersion. . |

8. A method of any one of the preceding claims which includes washing the

anodized or other oxidised surface prior to contact with said at least one species of

chromophoric moiety in a liquid carrier. |

9. A method of any one of the preceding claims which includes a washing step
25 subéequent to the contact with said at least one chromophoﬁc moiety in a liquid carrier.

10. A method of claim 3 wherein said conditioris involves a near neutral, neutral or

alkaline pH.

11. A method of claim 3 wherein said pH is alkaline. |

12. A method of any one of the preceding claims wherein said species is selected

30 from the group consisting of reactive dyes, direct dyes, VAT dyes, sulphur dyes and

: Pm OF THIS SHEET HAS BEEN
““l“l I“I“ I““ “lll “ ‘“‘ : REPLACED
= ¢ L M S * :

disperse-dyes.




al kal i ne pH. WD 98/ 42895

PCT/ Nz98/ 00039 37 - Hm"w‘ ny one of the preceding clains
wherein s‘ypc?wébgééi es l _ ﬂ 'H !Ft’ he group consi sti ngPEHNZA8PP39

sul phones, nonochl oro*trfazt nes, sdiénl oro triazines, pyrinidines, _

pht hal ocyani nes, qui noxal i nes, ani | i ne3derivatives, nonofluoro triazines,

ant hr aqui nones, i ndi go.and hal ggenat ed indi go derivatives, polysul phides,
and di azd35 pﬁeﬁlﬂﬁé‘?‘g ofjany anerpf %ampme@mg odaiensowheten sadkspecied isvelebted

2 P A SRR B b e,
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sol ut i onahiBird AfiAdASRE itieo i : 0 4 : LM 14 .wherein
sai d i mrersi o(gri n said a? ﬁdlﬂgﬁ%ﬁ%@gﬁg‘%ﬁ?ﬁ@‘%ﬁw ?'@IIP g'{rd%g’pf}‘ﬂ%aﬁﬁt ely
[err] Sanphenols. 15 16. A nmethod of claim 14 or 15 wherein said sul phur
textile dye is provided at approxi mately double the normal concentration
enpl oyedlfor Ackethad efanhene aficlainas ite Bowhish inclpdesie of clains 1 to 9

whi ch coppri ses ocrl. I ncl ug}es éi %;x pI‘O\ii ding g bath containing a VAT textile
dye togetther RFIHAIE 3 bath contatnipg & sulphuntexiie dye ogether with alkeliiandaesent

inits water Oy (L i r.Si_ng sai arti.cle jn said
bath: and (ii ?%“ﬂ%%#@#ﬁ%&ﬁ%ﬁ ‘S‘%tqy& 1§ P?“?Feam}ﬁe}tﬂ P"Sﬁq%?‘%hq@%offfi'a?eé i&gco
solution to fesga:the dye on the surface of the article. 18. A‘method of
claim 17 wherein said reducing agent is sodiumdithionite. 19. A nethod of
cl ai M017(ioy 18nutessinpaikarticke inisaidbath; amdrer sed at approxi mately 25
70[err]C for approximately 30 minutes. 20. A nethod of any one of clains
17 to 19(iwher sabsequentiyiammersing said dgticle in pn oxidisidg abludionttodoti¢chardyerah
concentration,enployed for textile dyeing. 21. A nethod of any one of
clainms 17 to Eﬁ%&ei n said article is inmersed in said

15. A method of claim 14 wherein said immersion in said bath is at approximately

et

90°C for approximately % an hour.
15 16. A method of claim 14 or 15 wherein said sulphur textile dye is provided at
approximately double the normal concentration..employed for textile dyeing. |
17. . A method of any one of claims 1 to 9 which comprises or includes
(i)  providing a bath containing a VAT textile dye togethef with an alkali and
reducing agent such that the dye is present in its water squble. leuco form;
20 (ii) immersing said article in said bath; and
- (iif)  immersing said article in a mildly acidic oxidising solution to form the dye on
~ the surface of the article. - |
18. A method of claim 17 wherein said reducing .agent is sodium dithionite.
19. A method of claim 17 or 18 wherein said article is immersed at approximately
25 70°C for approximately 30 minutes.
o 20.-- A method .of-- any—;me -of-claims 17 to 19 wherein said VAT textile dye is
provided at double the normal concentration employed for textile dyeing.
21. A method of any one of claims 17 to 20 wherein said article is immersed in said
mildly acidic oxidising solution for approximately five minutes.
30 22. A method of any one of claims 1 to 9 which comprises or includes

. 6) providing a bath containing a vinyl sulphone reactive textile dye;
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mldly acidic oxidisi solutlonfor approxwratelyflvew 30 22. A
met hod of any one oﬂ!ﬂﬂﬂ”ﬁlmwﬂlﬂ\mp ch conprises or i Neudes—tiy
provi di ngve 9kaz885 co ul phone reactive textdrinZ¥Boose =
PCT/ Nz98/ 00039 Recei ved 23 Detenb 1998 - 38 - 21. —A npethod of any on

clainms 17 to 20 wherein said artlcl e kggi-mersed in sai d m | dI aC| d| C

oxi di sing solution for approximately five m nutes. 2Th’ls y one
of cl ai mgii} tQan&hbmngaRDim&Ieﬂﬁssaﬁi biathehuges (i) prO

containing a vi sul phone reactive textile dye; 5.
article |(m)sa|vms¥1mgxsa1 articlé.i i ) washing said article. A met hod of
tlaim 22 wherein: salcf th |s I’OVI ded _at a pH of apprOX| mately 12 and said
article i23-i nfePsthp ﬁﬁ“éﬁ%l b@thﬁsmo‘ededaataapﬁmd‘nppmmwe@mmr] C.

24. A rret al m 22 or 3wher ei.n bat h contains a reactlve dye
and at | g angbarifled Gubterttd £F ADPr Bty S0amimten A apRFIE Ty GO G

Silicaf enyg25. mﬁ&g@ PN PRERS n sakd .bath
conpr?éeéua ré%f’ﬁ ve yleﬁilcnn a concen%r;gta?%%fz’gggaﬁf?aé‘ gg@e 65T de at
a suffi ciopBlofepdiven tirdohate, Seuifim IpRirbRRIeR? sbanﬁﬂ@ﬂfcaﬂé 26. A met hod of
any one of clains 22 to 25 wherein said dye contains a vinyl 15 sul phone

and -am n@5f undk metldd of aypene efrclainds 22 td24 wiferein waidrbath tonipeise®a Zehctive 26
wherein said washing is in water at 60[err]C 28. A nethod of claim?27
wher ei i e W\MWSH’%H@? of &/l andssediwm hydrgxidsaita. suiﬁcwnAcmamnon tany

one of clail conprises or includes 20 (1) providing a
bath cont&Prhi gqﬂﬁh%{]ﬁ;ro triazine reactive textile dye (i1) inmersing

sai d Ay ol € I riéthdd R4y GHlof bldidns 25 B 98 WRLPELEAR: o cgrgmg} eed o

cl ai m 29 "wher éI n"was bat art cle s I'mrer se ly 30

m nut es @ﬁlp‘:ﬁ@ﬂé@jﬁdrﬁ&hﬁéﬁnﬁ@{ogﬁ]’kﬁupg5 31. A nethod of claim29 or 30
‘wherein said bath contains a reactive dye, and at

27. A method of any one of claims 22 to 26 wherein said washing is in water at
60°C.

1. A method of claim 27 wherein the washing water includes a weftihg agent.

a|d

15 29. A method of any one of claims 1 to 9 which comprises or includes
@@ | providing a bath cdntai_ning a monochloro triazine reactive textile dye;
(i) immersing said article in said bath; and
(1i1)  washing said article. |
30. A method of claim 29 wherein was bath and said article is immersed for
20 approximéfely 30 minutes at approximately 60°C.
31. A method of claim 29 or 30 wherein said bath-contains a reactive dye, and at
least one é_odium sulphate, sodium chloride, carbonate and sodium hydrexide.
32. - Amethod of claim 31 wherein said bath comprises a reactive dye in a |
concentration of 0.5 - 2% w/v and Na,S0, concentration is equal to dye concentration,
25 sodium carbonate 0.5 - 1% w/v and NaOH 0.25% wiv.
33. A method of any one of claims 29 to 32 wherein said washing is in water at
about 80°C.
34. A method of claim 1 wherein said surface is anodized and said at least one
species of chromophoric moiety in a liquid carrier is a reactive dye of a kind having a
30 vinyl sulphone functional group and wherein the conditions are within a temperature

_ range of from 30 to 100°C during an immersion or spray presentation of the liquid SIYe



| east one sodi um sul phate, sodium chl oride, carbonate and sodi um hydroxi de.
32. A nmethod of claim 31 wherein said bath conprises a reactive dye in a
concentr QH¥28%5 0.5 - 2% w v and Na[err]SO[err] concentr RCTD@IS/003Yual to
dye concentration, sodium carbonate 0%5 - 1% w v and NaCH 0. 25% w/' v. 30
33. A nmethod of any one of clains 7990 32 wherein said washi ng is in

wat er at about 80[err]C.. V\? 98/ 42895 )

PCT/ Nz R9mapRfzdon élji? apgdized surtase 105 at leastal{bminuses and thereafteon rimsinigsiep 10

m nut e r.eaf [ nsing step with water at an el evated
terrper;‘?’ﬁﬁg‘.’ét%‘{lt a%Aélgrg%tg%éér%éér@ﬁﬁF‘rred in claim34 wherein said contact tinme

'I's abo 30 KiRéth ; ; ' l.aim 34 or .5 wherein
sai d rilgnss'i ngmst eps‘?saS é\nﬁ ; ecﬁ‘g{‘@l vvg# ﬁh%%ﬁ{gﬁ?%ﬂ&a%t%ﬂﬁ G?Pé’“éagfﬁ““‘o f§- t he
t enper &36ir e Afméethedagudainted innslaitl JWOHPIS Whe?Bin' i 2{11% lis i . 37
A nmethod as clainmed in any one of clains 34 tonS%lé erg%&ggilgl%lgﬁggﬁ ature
of the wateercommning sprvestiing agant aid the gtentbedyrare AP tagasouss rsimpout
60[err]C. 38. . A rr@%)ohod as claimed in any one of clains 34 to 37 wherein
the dyeemRositiamis 84 {c @RLTEAHSTon of at | east about 0.5% W v in an agueous

nod 26 ancMEPHAS chtm B BRCpndafe Bt 3440 56 NirdRopiciempertnet o€ n o

liquid LbinSdrsi ' : ' ' : I triazine
functi ot?llgll gr gﬁfgﬁaﬁﬁmﬁ%gﬁﬁ?(}n m%&&#%gnﬁéh@%ﬁ?gm%w 3rsion or
Sprayi RIS Atmathod volaiifled $iTG 68 6f clabms 4 to ATTRhERAN 3fe ABIHRG | N
claim3 9 wherein the contact tine is for a period of from30 o 60

m ni@ escontentratiomef atldastsabolrt) 586l wi/m in lhaiaguesussystéinwher ei n t he tenperature
of the contact i t abqut 70[err]C or higher. 42. ~A nethod as clained in
any one3%f cAéFﬁ%o @scipimedip clain 1 iwlergipesapd surfagacistangdized and whenei. 5% t o
2% W V. in claima?2 erein.there'is_aléo pr.esent

43, , A hod. l,ai med
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about
contact by immersion or spraying is at an elevated temperature.

15 40. Amethod as claimed in claim 39 wherein the contact time is for a period of from
30 to 60 minutes. | |
41. A method as claimed in claim 39 or 40 wherein the temperature of the contact
is at about 70°C or higher.
42. A method as claimed in any one of claims 39 to 41 wherein the dye
20 concentration is from 0.5% to 2% w/v. |
43.  Amethod as claimed in claim 42 wherein there is also present sodium sulphate
at substantially equal concentration to the dye, sodium carbonate at 0.5 to4.0% w/v and
sodium hydroxide to a concentration of about 0.25% w/v.
44. A method of any one of claims 39 to 43 wherein there is a rinsing step with hot
25 | water containing a wetting agent gnd at a temperature of 80°C or greater.
45. A method of claim 1 wherein said at least one speci.es of chromophoric moiety
in a liquid carrier is that of a reactive dye hav_ing a functional group selected from the
~ dichloro triazine, monofluoro triazine and difluoro triazine functions groups.
46. A method as claimed in claim 1 wherein at least one species of chromophoric
30 moiéty in a liquid carrier is that of a reactive dye of the pyrimidine type.

47. A method of any one of claims 1 to 9 wherein at least one species of
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44. A nmethod of any one of clains 39 to 43 wherein there is a rinsing step
with hot 25 water containing a wetting agent and at a tenperature of
80[err] Cwooguases er. 45. A nethod of claim 1 wherein sai gcginZo§adose ONE
speci es of chronophoric noiety in a Ii%id carrier is that of a reactive
dye having a functional group selected“romthe dichloro triazine,

monof l uoro triazine and difluoro triazine functions groups. 46. A nethod
as cl ai mEHTQIRORRGRGMPIGH dn @iliquad camtestis that of peat dge.of chr onophoric 30

noiety inca liguid cargier i.s that, o reactive dye of the pyrimidine
type. 473875 r@éf‘ﬁ’g‘b"‘ﬁ?f%&m 628"‘%61@415»‘3 dye is amanthrebimang nindighderivative,
species g e

PCT/ Nz98/ 8003 : édléﬁrg%‘%éﬁo?ri 48 WB‘FE?’?/ the vat qyledg, dispessediiBvater ekt of a

vat dye. ' (Y e | - ant nr aguj e or
i g 0 ety e eIt FBh Rorhd p et A S B 4 RaRBE Nebb PG AR D
di sperssed0i n watrethathof amychneast dlaimed Bio 490WHeHet éaﬁmes/gxcta@?ﬁﬁﬁﬁééaﬂo%omur

nmet no

conbi nati on of a reducing agent and alkali. 5 50. _ of any one of
cl ai s 4the gnadizghanagnesiim articde by inyeersionurespraying.ol our t he anodi zed

magnesi urp,article by, i rsio r. spraying. 51. A nmethod of any one of
clai'ms 4?kto @bmﬂ%‘{%?%ylﬂpec %‘F&"cﬁf ﬁ%m@ﬂwémraéu@/@ﬁlemomis A
met hod Ofelcﬂ?% ne of clainms 47 to 51 wherein the tenperature of the | euco
dye 10" 1S ge[dé)rr]c or higher. 53. A method of any one of claims 47 to 52
wherein ghe p QLS i . anys.qne of
cl ai ns 475th %ﬁi\ﬁ%rei nn ?@efzﬁl(]:%m ?Z&%gggﬂ{gf lpél?egtefnﬁéfﬁ{é%@ﬂpgieé%?gy ter
and tlfenio&dUC oedighert hat | euco dye is converted to i-nsol uble. 15 pignent.
55. A nethod of any one of clains 1 to 9 wherein the at |east one species
of chrondBhor ik methed of any eng ofelaime 47 to 62 whereinahe pH of lsutpidye iglyk5 6. A
nmet hod of cl aim 55 wherein the noiety is attached to a pol ysul phide. 57. A
met hod o™k m 55 or 56 wherein the sul phur dye i's dispersed in water and
20 reduceg to ék‘r']‘?{eglﬁl%ﬁfgf g@* :c?ml, §HERihE h?‘_t&%@'v%er‘éﬁ{t'ﬁ% 18540 Gy Sy e 150" of

a reducing ag
rinsed in cold water and then oxidised so that leuco dye is converted to insoluble

15 pigment. _
55. A method of any one of claims 1 to 9 wherein the at least one species of
chromophoric moiety in a liquid carrier is that of a sulphur dye. _
56. A method of claim 55 wherein the moiety is attached to a polysulphide.
57. A method of claim 55 or 56 wherein the sulphur dye is dispersed in water and
20 reduced to water soluble leuco form (thiol form) using a combination of a reducing
agent and alkali. _
58.  Amethod of any one of claims 55 to 57 wherein said leuco dye is used to colour
anodized rhagnesium article by immersion or spraying. _
59. A method of any one of claims 55 to 58 wherein the temperature of leuco dye is
25 elevated. | . | _
60. A method of any oﬂe of claims 55 to 59 wherein-the-dye-is-at 60°C or higher.
61. A method of any one of claims 55 to 66 wherein pH of the leuco dye is 11.5 or
greater. '
62. A method of any one of claims 55 to 61 wherein the leuco dye dyed article is

30 rinsed in cold water and then oxidised so that leuco dye is converted to insoluble

pigment. . ' : :
D




58. A nethod of any one of clainms 55 to 57 wherein said | euco dye is used
to col our -anodi zed nagnesium article by inmersion or spraying. 59. A

met hod of WEPS/M42H98 of clainms 55 to 58 wherein the tenperat RGI/NIIHEI0 dye
is 25 elevated. 60. A nethod of any_ gpe of clains 55 to 59 wherein the
dye is at 60[err]C or higher. 61. A nethod of any one of clains 55 to 66

wh i f I ' . .1.62 hod. of f
vher o1 n 851 o A EReRYIaGR i Plo INARBH BBt 1R BRaglofTY 0 ©
\S?;%n?n%%gﬁgg%g%@ fPa liﬁﬁfd_ éagﬂgpisqyﬁré& (E@pverted to insoluble

PCT/ NZ9864€0034 méthod dflain®s 6Btwhertinbaidiirevtdyefcotipises athiemSphdigs ei n the
at -l east one species of chronophoric nmoiety in a liquid carrier is a direct
dye. 64.moietyattackedio xsedinm siphonstegroupai d di rect dye conprises a

chrompphori c Il ety .atfached_ to sodi um su].phonate group., 5 . 65. A net hod
of crgi.ngé3 of* 198t é?tlé‘i???nf géoaﬁa&herav&%il égﬁ‘ﬁis Preseiinsphtionatd.5 o
2% W v Wt ' % and, tiqnall sodi um car bonat e
fo a congent i Wb SPLEbRetac0 8 6304 iy G ol e ARGRR S B

cl ai m 63, @nfativh eF8boutm28t0Ibswppt ential of approximately 10 to 20V DC
may be applied to the anodized article whilst in contact 10 with the dye

sol uti ong667. A metliidsfthnyf orenyf dlaiensob3 & 65 Wehebeintan ffodidpoential 6F
tenperature of the dye solution is at |east 60[err]C. 68. A nethod of any

one of capproximaelpl® o 2BV RCrmaybedppledito the anddized artiele whilstrindyomitany. 15
69. A nethod of any one of clains 63 to 68 wherein the at | east one
specilgs Wi Féﬁfﬁﬁﬁ MO8 npi ety in a liquid. carrier is a-.di sperse dye.  70.
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68.. A method of any one of claims 63 to 67 whereinlthe dyed article is rinsed after
dyeing. |
15 69. A method of any one of claims 63 to 68 wherein the at least onie species of
-chromophoric moiety in a liquid carrier is a disperse dye. |
70. A method of claim 69 wherein the dye is evenly dispersed in water to extent of
at least 0.25% w/v. | | '
71. A method of claim 69 or 70 wherein a carrier being an ester is added to aid
20 dyeing. '
72. A method of any one of claims 69 to 71 wherein the article is introduced into the
dye dispersion at 100°C or greater (eg; under pressure) and maintained imrsuch contact -
- for 20 to 90 minutes. | |
73. A method of any one of claims 69 té 72'Whlerein the article is subsequently
25. rinsed. | |
74. A method of any one of claims 1 to 9 wherein the at least one species of
chromophoric moiety in a liquid carrier is an acid dye using an acid which forms
magnesium salts. '
75. A method of claim 74 wherein the acid is lactic acid.

30 76. A method of any one of the preceding claims wherein the contact step with the

liquid carried chromophoric moiety or moieties is a multiple step process.

AR



20 dyeing. 72. A method of any one of clains 69 to 71 wherein the article

is introduced into the dye dispersion at 100[err]C or greater (eg; under
pressur e)womsd4zaesnt ai ned in such contact for 20 to 90 m nycA%NzegBed3s A

" nmethod of any one of clainms 69 to 72 rein the article is subsequently 25

rinsed. 74. A nethod of any one of cla s 1 to 9 wherein the at |east one

speci es chronophari.c. moigty in,a liquid carrier is_an acid dye using an
aci d whi ‘2% f oArﬂ%eq%ﬁa QECleiiih T8¢ hereinynid o iple stsp popoess id by multiplerdippinghe
acid is | We i.q . t hod of, any .one of the preceding clains
wher-ei n ‘Jle%é&é%aﬁltas‘ggﬁlgégﬁav%%ﬁ‘%l’?%@%%&‘@& chronophoric noiety or

“noietiesygs a bB! Qlﬁl@gﬁc : 08/ ; . -
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process ¢hromophotitimbietids apiuzed. sequential spraying or a hybrid of dipping
and spraying. 78. A nethod of any one of the preceding clainms wherein a
pl urabi t{P.of Aonphodisfclaim Wwfiereinanixeilelyesareausedused. 5 79. A nethod of

claim 7g$d\/nerf4§;i§{_1l ﬁﬂgée .dyes .are used. 80. A nmethod of jncreasing the
corrosi o?V-r esf*dPe fin¢rrasipg the eorrasign sesistemcsy of anpanesdized miegnssiemrdrace

2‘:’2?2@8"15%%%@&182@%3? i i oS the stpret og iﬁgﬁ’% stehe Sriendy 4
T quid o epaas AR 4 5l e RERE My, 6 hawi ng & vi nyl sul phone

functi ongd. grAupethdd.as chuinrdriavlait 80 Wikgsiathe!M RhétGhedpies ¥ft Teat ed by a
process of any one of the preceding clains '
. chromophoric moiety in liquid carrier is that of a reactive dye of a kind having a vinyl

sulphone functional group.
82. A magnesium or magnesium alloy article treated by a process of any one of the -

preceding claims
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