F A methqod of Claim2 wherein there is no presence of or no substanti al
presence | ther alum nate anions or fluoride ions. 4. Cqﬁbggﬁmq

cl ai med ﬁﬁggﬂgk%he of the preceding clains wherein the aqu?bus e ec?rolyte
solution contains at |east 3% w v amonia (when expressed as amoni a gas).
5. Anmethod as clained in daim4 wherein-tBe-aqueous el ectrol yte sol ution
contains 5% w v ammoni a or abov 6. A

met hod of cl ai m& ) B AND MAGNES IUM, BASED ALLDES 3 to 5%

w v anmoni a (when éx ressed as anmoni a gés). 7. A nethod of claim5
wherein the aquéﬁ&gﬁgﬁgaﬁgolyte solution contains 5%to 10% w v anmoni a
(when expressed as, a i ) . as clainmed in any one of the
precedi ng cl ai mﬁ%ergp&ﬁ%gggtﬂlga @’%ﬁﬁ&gource of phosphate ions is
selected fromthe group of I t S} o20d 5 8bUbkE 2 ni um
phosphate(s) 9. A nethod a?Péfgiﬁ%@ggﬁggﬁa?ﬁigkkéergin gesaig sofugﬁg

amoni um phosphate is ,pLesent i 300t Smaghesied hhaMnbBReghaMPHEaRS Sting of
nonobasi ¢, di abasic or other anmoni um phosphate material. 10. A nethod as

claimed in claim?7 whegeibythgnanppoaust shpsphateasby sharemekhogqdi um
ammoni um hydr ogen phosphate (ie; ‘sodi um amoni um phosphate) di ammoni um
hydr ogen phosphate (ie; amoni um phosphate di basi c or di anmoni um phosphat e)
-or anmoni um di hydr ogen phosphate (ie; anmoni um phosphate nonobasic).

(2) DESCRIPTION OF THE PRIOR ART )

al oo

In many instances, magnesium m%y be a
suitable material for the manufacture of
components. Magnesium is a relatively strong and
light metal being some 30% lighter than aluminium.
However, magnesium and alloys containing magnesium
corrode relatively easily. For example, magnesium
components exposed to the atmosphere discolour
rapidly through oxidation. Therefore, it is
desirable to provide magnesium products with some
form of corrosion reéistant coating and wear

resistant coating.

Previous attempts to anodise magnesium have
involved the use of base solutions of concentrated
alkaline hydroxides. These usually take the form
of sodium or potassium hydroxides in a
concentrated solution. This anodisation process
is generally provided through the supply of a DC

current at a range of, for example, 50 volts to

SUBSTITUTE SHEET (RULE 26)



11. Asnmethod of claim8, 9 or 10 wherein a source of phosphate ions in the

range of f 1to 0.2 nolar is present. 12. A nethod 11
wherein tﬁﬁsggﬁ%%g of phosphate ions is present at about 0_8&Dﬁ?%h§h§ht

0.08 nolar. 13. A nethod of any one of the preceding clains wherein
hydr ogen peroxide or a soluble peroxide is %résent 14. A nethod as

claimed in any one Of|ig§t38ﬁ§ed'n %Eahgﬁ @ﬁ% Enfﬂgggggggdokxgeuse of

sol ution includes at Re group o S, Srlicates
borates, fluorides, -2 -
phosphates and C|trates an ﬁeno S. %%f A nmet hod of any one of the
precedi ng clains wherein the electrolyte solution is free of any
substanti al presence of chromiumIl and chromium (VlI). 16. A nmethod of any

one of the preceding clai ms whebgcRnthe seh@eh Foteds @nutthen magaekauss Nno
al kali salt yielding hydroxide ions upon hydrolysis. 17. A nmethod for the

anodi sati on of magnesi yhrbaghd tiat €oralztiicsy ofagpayksmwithimaghes bath

al I oys) conpri sing: provi ding an el ectrolytic solution containing

ammmoni a; provi di ngoatedniade the sodiom sai potelastivonhydroxide and
it is the tracking of the sparks across the
surface of the magnesium element which slowly
places the coating onto the magnesium. The use of
sparks throughout the process leads to a
relatively high Eurrent usage and leads to
significant heat absorption by the bath itself.
Therefore, any commercial anodisation plant also
requires substantial cooling equipment to reduce

the temperature of the bath through the use of

this process.

OBJECT OF THE INVENTION

Therefore, it is an object of the present
invention to provide a method for the anodisation
of magnesium or magnesium alloys which will
provide a corrosion resistant coating and overcome
some of the disadvantages of the prior art and/or

at least provide the public with a useful choice.

SUMMARY QOF THE INVENTION
Accordingly, in a first aspect, the

invention may broadly be said to consist in a



pl aci ng nmagnesi um based naterial as an anode in said solution; and

passi ng ev&wéis Jit between the anode and cathode through saipgragloghéd?s SO
that an "ano ed surface is fornmed on said materi al, wher ei n

said ammnia in said electrolytic solutionjs provided in sufficient
guantity to avoid spar ks and/ or pl asma-di scharges during the

anodi sat i on process115%%§§“f§rp@§%ighoaisatgghtB%gmgpy%gaggfag%ﬁﬁp?ncludes

anodi sed surface Iayé? ereirn said electro
a phosphat e conpoundtgéﬁgggggsigo& £iskiagge of .01 to 0.2 nolar, and

wherein sai d phosphate conpouhd is Selected fromthe group of a sodium
hydr ogen phosphat e, ammoni um sodi um hydr ogen phosphate, ammoni um
di hydr ogen phosphat e, and di anmoni um hydr ogen phosphate. 18. A net hod

of claim 16 wherein said anpesiradeagpansedeat ricdysti cl Holiur ien t he

el ectrolytic solution when expressed as a gas.

-3 - containing ammonia;
providing a cathode in said solution;
placing magnesium based material as an anode
in said solution; and
passing a current between the anode and

cathode through said solution so that a

coating is formed on said material.

Accordingly, in a second aspect, the invention may
broadly be said to consist in a material containing

magnesium anodised by the method as previously defined.

Further aspects of this invention may become
apparent to those skilled in the art to which the
invention relates upon reading the following

description.

BRIEF DESCRIPTION OF THE DRAWINGS

Description of the preferred embodiments of the
invention will now be provided with reference to the

drawings in which:
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-4- woldsAnsos 1 shows a diagranmatic view of an anodiSaiz98/00016

bath in accordance with an enbodi nent of this invention.
DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENJS. This invention
provides a nethod for the anodi sati on of magnesi um cont ai ni ng
material such agjigure 1 NMIGIWENE (Seldraimdtiic atay of HE HAEDSS s
been found to be useful on substantially pure magnesium _

sanpl es as well as magnesi umB=AH Gy RUBrBMAF Mitndn embod Mk Whf ch are
common magnesi um al | oys used in casting. The process of this
invention utilises a bath 1this invemtiimp.a solution 2 into which the
magnesi um cont ai ni ng material 3 nay be at |east partially imrersed.
El ectrodes 3 and 4 are provided in the bath 1 and into the solution
2, the solution 2 being an el ectrol ytic sol ution.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

This invéntion provides a method for the
anodisation of magnesium containing material such as
magnesium itself or its alloys. The. process has been
found to be useful on substantially pure magnesium
samples as well as magnesium alloys such as AZ91 and

AM60 which are common magnesium alloys used in casting.

The process of this invention utilises a bath 1
having a solution 2 into which the magnesium containing

material 3 may be at least partially immersed.

Electrodes 3 and 4 are provided in the bath 1 and
into the solution 2, the solution 2 being an

electrolytic solution.

Suitable connections such as cables 5 and 6 are
provided from the electrodes 3 and 4 to a power supply

7.

The solution 2 is provided to include ammonia to a
suitable concentration. The concentration of the
ammonia in the electrolytic solution 2 may vary,

however, a preferred range cf between 1% and 33% w/v is



Sui t abl e connections such as cables 5 and 6 are provided fromthe

el ectr odeyaogtiado? tO @ power supply 7. PCT/NEBE 0GR UL | ON
2.is provided to include amonia to a sui tabl e concentration. The

concentration of the ammoni a in the_efectrolytic solution 2 may
vary, however, a preferred range of between 1% and 33% WV is

VO 96/28591 desirable. It has been found thé%jgaiﬁﬂydﬂgn$h which
desirable. It has been found that solutions in

concentration of tg@neshaeht rigliow &% %ﬁhdxﬂ%dié Qaelow 1% GrﬁMSQ:e_&Qi@ &par ks
to formwith the nethod of formation of the coating tending nore

towards a coati ngafieemedme sparkishteugoraparicH alatnerhad 61 HodwaPidber

art net hods of anodi sation. A 33% maxi nrum concentration of ammoni a

acts as an upperofithé. coating tending more towards a coating formed
through spark formation similar to prior art methods of

anodisation. A 33% maximum concentration of ammonia

acts as an upper limit.

In the preferred forms of the invention, the
ammonia concentration has been found to work suitably in
the region of 5 to 10% w/v or, more preferably, 5 to 7%

w/v.

A current from the power supply 7 is passed
through suitable connections such as cables 5 and 6 to
the electrodes 3 and 4 immersed within the electrolytic
solution 2. In this example, the.process of formation
of the coating generally occurs when the voltage is in
the approximate range of 220 to 250 V DC. It should be
noted that the prior art anodisation processes occur
between 50 and 150 V DC and, therefore, a reduction of
the concentration bf ammonia below the desired level
tends to allow sparks to form through the process taking
up the properties of the prior art alkaline hydroxide
anodisation processes before the voltage.can reach a
level suitable to form the coating in accordance with

the present invention. Other embodiments can allow the



I'h the preferred fornms of the invention, the ammoni a concentration ”
has been Wwaysghgse, Work suitably in the region of 5 tg c%)?x%?%d(u@r
r

npre preferably, 5 to 7% W v. A current omthe
power supply 7 is passed through suitabl e connections such as cables
5 and 6 to the electrodes 3 and 4 immrersed within the electrolytic

solution 2. In tﬁvﬁcé’éé”%e E?St@rQE%&inOEhEOESEE‘bQﬁmate rangk bl#€16QAtI ng

general ly occurs en the vo tage is in e appr.oxi mat € range of 220
to 250 V DC. It wshoydg Hepc. noted that the prior art anodi sation
processes occur bet ween 50 and 150 V DC and, therefore, a reduction
of the concentration of ammoni a bel ow the desired | evel t ends
to all ow sparks to formthrough the process taking up the properties
of the prior art al kalIneahpdporsdesuch as &hddi sabodimenaceshes before the
vol tage can reach a | evel suitable to formthe coating in accordance
With t he @¢€@%ﬁ%0nn9§n§péﬁkSCFﬁér°§§B§di@§hﬁsn@a#ealderﬁhsonS-

The ammonia acts to repress sparks generally, but the
concentration of salts in the bath also has an effect.
If the ammonia gets too -low, sparké may form. If the
concentration of phosphate.is increésed greatly, sparks
may occur at higher voltages, though the coating may
form completely before the voltages are increased to
such a voltage. For example, in a solution of 5%
ammonia and 0.05M sodium ammonium hydrogen phosphate,
the coating is formed between 220 and 250 V DC without
any significant spark formation. The coating that
results is a protective coating and semi-transparent.
If the &oltage is increased to 300 V DC, the coating is
thicker and becomes opaque, and still no sparks occur in

the formation process.

By contrast, a sclution of 5% ammonia and 0.2M
sodium ammonium hydrogen phosphate, the coating forms
between 170 and 200 V DC. Attempts to increase the

voltage significantly above 200 V DC may produce sparks.

In a further example, a solution with 3% ammonia
and 0.05M sodium ammonium hydrogen phosphate was tried.

Sparks occurred at, approximately 140 V DC and this is
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- 6- wd¥ePsens to operate within the approxi mate range Rfm;{gg to
350 v DC. Sﬁ In a process such as this enbodi nent, @m"6
formati on of sparks can occur for a nunber (%f _reasons. The ammoni a

acts to repress sparks generally, but the~” concentration.of salts in

the bath al so h%%-’i%nrcof‘{;:%:?%?d coa;il%%gllsi%cla égnggglsméé)gpd% spar ks nmay

form If the Toh 0 'S T ncrease greé?ly, spar ks

may occur at higher valtages sthough the coating may formconpletely
bhefore the voltag are Increased to such a voltage. For exanple, in

a solution of 5% ammoni'a and 0. 05M sodi um anmoni um hydr ogen
phosphat e, the coating is formed between 220 and 250 V DC wi t hout

any significant spark foraetipthed hembodimedt | hpéroxide md LBl tEdded o

protective coating and sem -transparent. '
the electrolytic solution. The addition of peroxide has
been observed to decrease the voltage at which the
coating forms without spark formation. Pof example, a
solution of 5% ammonia, 0.05M sodium ammonium hydrogen
phosphate and 0.1M sodium peroxide or hydrogen peroxide
produces a coating at 210 V DC very similar to a 300 V
DC coating formed in the absence of the peroxide. This

may be advantageous in circumstances where a lower

operating voltage is desired.

It has been further observed that decreasing the
level of peroxide to 0.05M producés no significant
difference to the coating than the example with no
éeroxide. Further, increasing the'peroxide to 0.2M
appears to prevent any reasonable coating being formed

due to the presence of damaging sparks.

On this basis, a further preferred embodiment in
which peroxide is added at, approximately, 0.1M may

allow lower operating voltages if desired.

Upon application of the current to the
electrolytic solution 2, a coating forms on the material

3 forming the anode on that portion 8 of the material 3



f# the voltage is increased to 300 V DC, the coating is t hi cker and-

becones GPagksssopnd still no sparks occur in the foppaiL ol ddiLCess.
By contrast, a solution of 5% anmmonia and 0.2M sodi um armoni um

hydr ogen phosphate, the coating forns bet ween 170 and 200 V DC.
Attenpts to increase the vol t age sfgﬁificantly above 200 V DC may
produce sparKks. . C n.a.f.urther exanple, ,a sQlution with 3%
anmoni a gﬁ&csu6§N9585F3§FL¥%%ﬁﬁﬁﬁﬁldﬁﬁégﬁl o@phatEnWRE CFFES] .

Spar ks occurred; PRILOXI el 0 and th s .S . . 91
PCT/NZQG/OOQIG ifke12 R0 gL I%rﬁ% d%dgge, %e}?7?erﬁlnatlggygégﬁéggébood
coating having pgerehr BRAWAN '@ he anodiFBWECYHR aN¢d81ing off as the !N

o]

a further enbodi nent, peroxide nmay be added t
depth of coating on the portion 8 increases. 1In this
manner, the placement of an article 3 as an anode within
the anodising bath 1 tends to draw current until the
coating is formed and when sufficient coaﬁing exists to
substantially isolate the magnesium in the material 3
from the electrolytic solution 2, the current drawn

falls and can act as an indicator that the coating has

been applied.

A number of additives may be provided in the
solution 2 to alter the final coating and its
appearance. For example, phosphate compounds may be
used to provide a finish similar to anodised aluminium
and it has been found that phosphate compounds prévided
in the range of 0.01 to 0.2 molar can be suitable.
Generally a concentration less than 0.01 molar tends to
provide finish which is somewhat transparent.
Concentrations greater than 0.2 lead to an opaque finish
which again alters the appearance cf finished product.

A preferred range of 0.05 to 0.08 molar of a phosphate
compound such as ammonium sodium hydrogen phosphate has
been found to be suitable if it is desired to provide a
finish similar in appearance to anodised aluminium. The

ammonium phosphate has been found particularly useful



t he eléctrolytic solution. The addition of peroxide has been

observe rease the voltage at which the coati i t hout
spar k fgyhéf'?%ﬁ.l For exanple, a solution of 5% am‘rlngg?’aﬂ,czg@@éﬂ sodi um
anmoni um hydr ogen phosphat e and 0. 1M sodi um per oxi de or hydrogen

per oxi de produces a coating at 210 ¥ oc very simlar to a 300 V
DC coating fornmed in_the absence of th er oxi de. I%%s ' my be
advant ageous | AR PERRET ANTOR 1T BROFH compoundgs, Gonld, #SFo@%age i s

desi red. , It .has been further observed that decreasing the
| evel of peroxPdEeEs §UOsH ces no significant difference to the

coating than the exanple with no peroxi de. Further, increasing the
peroxide to 0.2M appears to prevent any reasonabl e coating being

f or med due to A}%Fﬁé%’ﬁ%&f&ﬁn{?dwi&ﬁn%dﬁphosphate compound®

this basis, a further erre lment 1n whi'ch peroxide is
de?d St , appr gyt @igni% iMriBYcorrosion! &y ¢ ivede Opertd batdldqges i f
esi red.

Also the coating is particularly suited to further

coating with paint or other organic sealers.

In furtherlpteferred forms of the invention, the
electrolytic solution 2 may contain compounds such as
ammonium dihydrogen phosphate or, altermatively or
additionally, diammonium hydrogen phosphate. Both of
these compounds may be more readily available in
commercial quantities for the anodisation process
compared with compounds such as ammonium sodium hydrogen

phosphate.

An alternative additive to provide a finish
similar to anodised aluminium has been found to be the
use of fluoride and aluminate in similar concentrations
to the phosphate compounds. Typical concentrations of
compounds such as sodium aluminate and sodium fluoride
are 0.05 molar of each of these compounds. As the
concentration of sodium aluminate and scdium fluoride is
increased towards 0.1 molar, the finish changes to a
pearl coloured finish. Although this may be
aesthetically pleasing in itself, it is not directly

comparable with the anodised aluminium finish and,



Upon appllcatlon of the current to the electrolytic solution 2, a

coating f he materi al 3 formng the anode o tion 8
6f the et eavgpisl WO 96/ 28591 "pAlfkodiBbis
"PCT/ Nz96/ 00016 0 - 8- which is

“i mrersed within the solution 2. The proce§sl - itself is, to a large

degree, self termnatin r y he anodj si ng
‘bath 1 falling o ?? f?ﬁ% may BSd ?ﬁ SPlcoa mfjgo%}évn % %%r%?%@ %é

i ncreases. Int p e t a | g n anode
within t E@%ﬁ% FEVRG ba ﬁhﬁéﬁéﬁd?&g‘ér@aﬁiﬂarPgﬁéﬁ{aﬁt Frop el
coating is for m@ﬁf‘é’r&\ﬂénmﬁl-_'faEhStLgnEneOEIe' agleXtat ﬁr&@me ma.?chln
substantially isolate the magnesiumin the nmateri al ron1?he

el ectrolytic sol 8{h08hds bhepeHhr 81LmEHAWRA and ma Babhﬁmaﬁﬂoéﬁcﬂtﬁpt as an
I ndi cator that the coating has been applleg A nunber

of additives nay be provided in the

. The process itself is conducted at relatively low
currents compared with the previous anodisation of
magnesium processes. The current drawn is in the order
of 0.01 amps per square centimetre of magnesium surface.
The low current and lack of spark formation lead to a
decrease in the temperature rise within the bath 1 to
form an equivalent depth of coating compared with the
alkaline hydroxide baths used previously. This
reduction in the temperature rise of the bath leads to a
significant decrease in the cooling equipment necessary

to conduct the process.

Current preferred forms of the invention have been
conducted at room temperature and it is preferred,
although not essential, to conduct the anodisation

process at less than 40°C.

If alternative finishes are required, a variety of
colouring agents could be added to the solution. The
anodisation process would still provide corrosion
resistance and act as an alternative to powder coating

of such components.



soLutLoh 2 to alter the final coating and its appear ance. For

exanpl e, vmggj?g t e conpounds may be used to provide Athisi m | ar
t ¢ anodi sed u% ni um and it has been found that phggpw@g co?rpounds
provi ded in the range of 0.01 to Oné nol ar can be suitable.

Generally a concentration | ess than 0.01 tar tends to provi de

finish which is somﬂatﬁﬁo@épgéegé% hat QQQC |(é S&% ter t han
ers t

0.2 lead to an opaque agaln a rance of

fini shed produgheiuges a4 Sleetaange gl aBa0B- g G108 qpkar of a
¢ Ry dr

phosphat e npound su as ammoni um so um ogen phosphate has
been found to %&Lﬂﬁ@l e 1f éﬁe'§ll§’§§i&§da8€19&9’\é' d8 &sed in finish

simlar in appearance to anodi sed al um ni um anmoni um phosphat e
has been found figydd idllwidy £5efthe phospHﬁt@Géaainve, this leads to
PCT/ Nz96/ 00016 and ot her ammoni um phosphat e conmpounds coul d act as

direct substituyremter problems with the disposal of the solution.
Fluoride compounds are environmentally costl& owing to
stringent environmental regulation of their effluent and
disposal. By comparison, the phbsphate compounds -are
less damaging to the en&ironment and may be preferred

for this reason alone.

The additives may also include sealants or other
compounds and many of the additives used in the previous
anodisation processes such as aluminates, silicates,
borates, fluoride, phosphate, citrate and phenol may be

used.

The coating formed on the magnesium may be a mixed
coa;ing of magnesium oxide and magnesium hydroxide with
further constituents according to any éarticular
additives used in the process. For example, the
embodiment in which sodium ammonium hydrogen phosphate
is provided leads to a magnesium phosphate component in
the coating. Further, the embodiment in which fluoride
and aluminate compounds are provided may lead to the
presence of magnesium fluoride and magnesium aluminate

in the finished coating.



Anodi sati on using the ammoni um phosphate conpounds gi ves significant
corrosionP{eagégfnce to the coating. Al so the coating is

parti cul al1 3 % rt%ed to further coating with paint orPGiNE08ani c
seal ers. In further preferred forns of the invention, the
el ectrolytic solution 2 may contain conpountd such as anmoni um

di hydrogen phosphate or, alternatively or addi tional ly, diamonjum
hydr ogen phosphate. Bdith fftould furghpe Pe RpEeAdshatytie Wif ©F aHETPRia
available in , comrercial quantities for the anodisation process
conpared with cofhddtfdSSHH AR RFELER M FYBrotRCt ventilgtifhat e,
An alternative additive to provid | ni éﬁnilar to anodi sed

f h .
al uni ni um has begh tr*b%nacﬁ% "’f}%o?%gtﬁie anoé:.%%rél%? 1f"?uorl de and alum nate in

simlar concentrations to the phosphate conmpounds. Typi cal
concentrations of conpounds such as sodi um al um nate and sodi um

fluoride The process as defined also tends tc provide the
coating somewhat faster than the prior use of alkaline

hydroxide solutions.

Thus it can be seen that the process and the
products from the process may provide significant

advantages over the prior art methods and products.

Where in the foregoing description, reference has
been made to specific components or integers of the
invention having known equivalents, then such
equivalents are herein incorporated as if individually

set forth.

Although this invention has been described by way
of example and with reference to possible embodiments
thereof, it is to be understood that modifications or
improvements may be made thereto without departing from

the scope of the invention.



a0, 005, mtar of each of these corp NHHIHIIMMANL ., concertration o

mot ar, th&¥Q 74483 changes to a pear - cBl olred fi ni SECTNAPHGNGN
this may be aesthetically pleasing in itself, it is not directly
conparable with the anodi sed alun1n|un1f|N|%% and, WO 96/ 28591

PCT/ NZ96/ 00016 - 10 - therefore, may
be | ess suitabl #ELLAIM 5 desired to manuf act ure conponents for the
sanme product fromthe ferent nmat s _and_be_abl e.to prov

mat chi ng |n|sﬁe§Q5¥Q§1€P {hﬁrﬁ%ﬁS%ﬁﬁ ﬁ88n8§|8ﬁ$ﬁ?8538t§ased

The process |tself IS ¢ nducted at ely | ow currents conpared
with the previous anodl % %ﬁ% mﬂfﬁég%%gnesiun1processes The current

dr awn n the order C e of
IS i TREYY Pd aéH?SePéétf gg&?cg EB&&EE?E

magnesi um surf ace. ow cutrent and spark tormation | ead
to a . conta:Ln:Lng ammonia;

providing a cathode in said solution;
placing magnesium based material as an anode
in said solution;-and

passing a current bétween the anode and
cathéde through said solution so that a

coating is formed on said material.

2. A method for the anodisation of magnesium as
claimed in claim 1 wherein said magnesium based
materials comprise an alloy containing magnesium

in the range of 70% to 100%.

3. A method for the anodisation of magnesium as
claimed in claim 1 wherein said ammonia in said
electrolytic solution is provided in sufficient
quantity to avoid sparks and/or plasma-discharges
during the anodisation process that may cause
partial melting or fusion of the anodised surface

layer.

4. A method for the anodisation of magnesium as

claimed in claim 3 wherein said ammonia is



decrease in the tenperature rise wt I—“munmg"" ml" IIL form an : -
equi val enﬁvocggaggblof coati ng conpared | kal i feryddlofetsde
bat hs used previously. This reduction if the tenperature rise of the

bath leads to a si gni ficant decrea3f4|n t he cool i ng equi pnent
necessary to conduct the process. Current preferred

form of Lhe Invent!qq - fpyg.8eel saia sofﬂEgUflt 2 The' oafbemRenal yie and

it is preferred, oug not essential, to con the anodisation
process at |ess than e J¥ C. If alternative finishes are
required, a variety o col ouring agents could be added to the
solution. The anodi sation process would still provide corrosion
resi stance and act as an alternative to powder coating of such
conponents. 5. WO 26028h84 for the anodisation of magnesium as

PCT/ NZ96/ 00016
claimed in claim 4 wherein said ammonia is
provided in said solution in the range of 5% to

10% w/v.

6. A method for the anodisation of magnesiﬁﬁ as
claimed in claim 1 wherein said current is

provided by a DC supply having a potential in the

range of 170 to 350 V DC.

7. A method for the anodisation of magnesium as
claimed in claim 1 wherein said solution includes
a phosphate compound provided in the range of .01

to 0.2 molar.

8. A method for the anodisation of magnesium as
claimed in claim 7 wherein said phosphate compound

comprises a sodium hydrogen phosphate.

9. A method for the anodisation of magnesium as
claimed in claim 8 wherein said sodium hydrogen
phosphate comprises ammonium sodium hydrogen

phosphate.
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used in “substitution for the phosbhafe Kdditive, thi

greater problens with the disposal of the solution. Fl uori de
conmpounds are environnmental |y costly ow ng te - stringent

envi ronment al lation of. their_effluent osal

conpari son, the:%ﬁosphﬁt@ EBﬁ% tﬂﬁstgﬁeanOdlsatﬁggs°5aW§8Bﬁ61P8 e

envi ronment and may be r t I 0 .

The additives may al so° ?%%%ggefgea an 57095e EEE 553y goahg@%& ?ngﬁ&rﬁhny

of the additives used éﬂméﬂguﬂraihﬁa§og n phogggghgqtlon processes such as
al um nates, silicates, F | uori de, phosphate, citrate and

phenol nmay be used. The coating forned on the
magnesi um nmay be a m xed coating of magnesi um oxi de and magnesi um
hydroxide with 11. AuhéBREACEBEt theeahddaseeidnN® Lt MaghksRak agul ar

claimed in claim 7 wherein said solution includes

diammonium hydrogen phosphate.

12. A method for the anodisation of magnesium as
claimed in claim 1 wherein said solution includes

a combination of fluoride and aluminate compounds.

13. A method for the anodisation of magnesium as
claimed in claim 12 wherein said fluoride and
aluminate compounds are each provided in the range

of 0.01 to 0.2 molar.

14. A method for the anodisation of magnesium as
claimed in claim 13 wherein said fluoride and
aluminate compounds comprise sodium aluminate and
sodium fluoride and are each provided in the range

of 0.05 to 0.1 molar.

15. A method for the anodisation of magnesium as
claimed in claim 1 wherein said solution contains

peroxide.



addi tives used in the process. For ex+ﬂﬂ|H”u ﬂﬂ UHL& “ embodi nent i n which’
sodi um aim@oisgAadey dr ogen phosphat e g | eads plc@ndrobBghiesi um
phosphat e conponent in t he coatlng Furt er, the enbodinent 1 n which

fluoride and al um nate conpounds are grOV|ded may |ead to the
presence of magnesium fl uoride and nagne5|u%1alun1nate in the

finished coating 28591
PCT/ NZ96/ 00016 16. A ¥£kﬁgé §§% the anodlsatlon ?f magnesium as 't

shoul d further be noted;thatat hr usgiaf 1érrmalram said parh8ae0liyion may
necessitate the use of ventilation in the area about the anodi sation

bath 1. pFbeiBeaceastae thgee@ alss@ot @Nds Mo aRr.0vi de the

coat i ng sonewhat faster than the prior use of alkaline hydr oxi de

sol uti ons. Thus it can be seen that the process and the
17. A method for anodisation of magnesium as claimed

in claim 16 wherein said peroxide comprises sodium

peroxide or hydrogen peroxide.

18. An anodised magnesiuh material anodised by the

method as defined in the preceding claims.



ﬁfoducfs fromthe process may provide significant advant ages over

the prior_art nmethods and products. Were i he foregoi ng
descri pt YoA?6285P%r ence has been made to specific co%ﬁ%ﬂ‘&%@o%?

i ntegers of the i nvention havi ng known equi val ents, then such

equi valents are herein incorporated as if individually set forth.

Al t hough this invention has been desct{ bed by way of exanpl e and
with reference to possible enbodi nents thereof, it is to be

under stood that nodificati'ons or i nprovenents may be nade thereto

wi t hout departing from t he scope of the invention. WD 96/ 28591
PCT/ NZ96/ 00016 - 13 - VWE CLAI M

1. A nmet hod for the anodi sati on of nagnesi um based

FIG. 1.

SUBSTITUTE SHEET (RULE 26)
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pl aci ng magnesi um based material as an anode In sad
sol ution; and ] "I@ﬁ' WTTONALSPIEESE B TRY?dEe and
‘cat hode t hrough said sl,%llc}j%ls%?(s:o t atsilgtDRN T ALP coaUR}SW s formed

on said mat g_i aka method fof the anolkbASH d .fgggeigsiﬂﬂogf %afda%ﬂeﬁmggf?iﬁ%ﬁ%

clainmed in aim1l erein sald nmagnesi um nmat er

conprise an ﬁhgﬁ&iﬁﬁ[@gﬁ%ﬁ df FPYelst 0% by weight (lcl)?reh'rrigext hﬁxerﬁggrges‘?ﬁm7ﬁ%§rﬁl”)

100% hod ano gnesi um
clainmed in C‘J:&hé}%ngherei n said ammonia in said electrolytic
solution is providetin sufficient guantity to avoid sparks

and/or pl asma-di schalGefing an electrolytic S{utiBH cbitfaiRgAndAbARY Process that

may cause
providing a cathode in or for said solution;

placing the magnesium based material as an anode in said solution and,

passing a current between the anode and cathode through said solution so that
an anodised surface results, the method being characterised in that

- the anodisation is carried out whilst the electrolyte solution is below 40°C;

the équeous electrolyte solution contains at least 1% w/v ammonia, (when
expressed as ammonia, ie; NH,) and is alkaline;

the electrolyte solution includes at least one of the following

(i)  at least one source of phosphate ions,

(i) atleast one source of aluminate anions, and

(iii) at least one source of fluoride ions; and

the current applied during the anodisation is to a voltage limit

(A)- (1) ifno hydrogen peroxide and/or a soluble peroxide is present in the
electrolyte solution, greater than 220 Volts, and

(i) if hydrogen peroxide and/or a soluble peroxide is present in the

electrolyte solution , greater than 210 Volts, and

(B) below that which provides any substantial degree of spark formation on
the magnesium material or its anodising surface as anode and/or plasma discharges
yet is higher than wouid otherwise be possible without any substantial degree of
spark formation on the magnesium material or its anodising surface and/or plasma
discharges were it not for the ammonia presence in the electrolyte solution.

2. A method as claimed in the Claim 1 wherein said electrolyte solution includes at least

one source of phosphate ions.
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claim3 wherein said ammonia is WO 96/ 28591

PCT/ NZ96/ 00036 A method of Claim 2 wherein there is no piekence of or no substﬂiﬁmlpieébnbe of
Said solution in the range of 1%to 33% W' v.

met hod for tkhendlihsiahteGhions orfnerideionss clainmed i n cl al m 4
wherein said amonia is provided in said solution in the range
of 5%to 4. A methddasvclaimed in any @ne offtheepiroedihg' clhings wirgéinafheodqous
magnesi um as claimed in claim1 wherein said current is -

P{)O\égges t[))%/: 2ldofrobytd Rblutioa\Conthins #tdeas BPalv/v Bminfidhia (when expresset] a8 @fnrfbdnid £as).
5. A method as claimed in Claim 4 wherein the aqueous electrolyte solution contains
5% w/v ammonia or above (when expressed as ammonia gas).

6. A method of claim 4 wherein the aqueous electrolyte solution contains 3 to 5% w/v
ammonia (when expressed as ammonia gas).

7. A method of claim 5 wherein the aciueous electrolyte solution contains 5% to 10%
w/v ammonia (when expressed as ammonia gas)

8. A method as claimed in any one of the preceding claims wherein the at least one
source of phosphate ions is selected from the group of soluble phosphate salt(s) and
soluble ammonium phosphate(s)

9. A method as claimed in claim 6 wherein a said soluble ammonium phosphate is
present and is selected from the group consisting of monobasic, diabasic or other
ammonium phosphate material.

10. A method as claimed in claim 7 wherein the ammonium phosphate(s) is one of
sodium ammonium hydrogen phosphate (ie; sodium ammonium phosphate) diammonium,
hydrogen phosphate (ie; ammonium phosphate dibasic 6r diammonium phosphate) or
ammonium dihydrogen phosphate (ie; ammonium phosphate monobasic).

11. A method of claim 8, 9 or 10 wherein a source of phosphate ions in the range of from
0.01 to 0.2 molar is present.

12. A method of claim 11 wherein the source of phosphate ions is present at about 0.05
to about 0.08 molar.

13. A method of any one of the preceding claims wherein hydrogen peroxide or a soluble
peroxide is pfesent. - .

14. A method as claimed in any one of the preceding claims wherein the electrolyte

solution includes at least one of the group of aluminates, silicates, borates, fluorides,

-2.



7. _ Anethod for the anodisation of magnesi um as J ” u ||H“|
claim1l wherein said solution includes a phos .
8. A

provided in the range of .01 to 0.2 nol ar.
met hod for | ' of 1M as claimed in claim?7
‘wher ei n sai pﬁ spg%te %orrpoun conprises a sodi um hydrogen

clainmed in erein“sald so rogen

conpri ses a@}tﬁé'% ki QOS5 : hm%] . :
A met hod for t an%@ﬂggﬁﬁc%g%f nag}’rl;grsrlll%?nlggndc C g?@éd inclaim?7
wherein sai dj g OfUhetRod VF &y One of the preceding claims wherein the electrolyte solution

noschat o | . conpri ! gen
phosphat e 45 A lge%rt])d of%n%@?ﬁw?g REAMR W hebinthe HEQ&S%% g%@gl{)g is free
10

contains no alkali salt yielding hydroxide ions upon hydrolysis.
17. A method for the anodisation of magnesium based material (ie; magnesium or
magnesium alloys) comprising:
providing an electrolytic solution éontaining ammonia,
providing a cathode in or for said solution;
placing magnesium based material as an anode in said solution; and
passing a current between the anode and cafhode through said solution so that an
anodised surface is formed on said material,
wherein
said ammonia in said electrolytic solution is provided in sufficient quantity to avoid
sparks and/or piasma-discharges- during the anodisation process that cause partial
melting or fusion of the anodised surface layer, and
wherein said electrolyte solution includes a phosphate compound provided in the
range of .01 to 0.2 molar, and
wherein
said phosphate compound is selected from the group of a sodium hydrogen
phosphate, ammonium sodium hydrogen phosphate, ammonium dihydrogen
phosphate, and diammonium hydrogen phosphate.
18. A method of claim 16 wherein said ammonia comprises at least 1% w/v of the

electrolytic solution when expressed as a gas.



ammoni um di hydr ogen phosphat e. 11. A method for the ano hﬂ! mm"m "III'
magnesi um as claimed in claim7 wherein said solution
di ammoni um hydr ogen phosphat e. 12. A et hod for the anodl sation of :
magnesi um as clained in claim1l wherein said so\ut i on includes

a conbi nati on of fluoride and al um nate conpounds. 13. A nethod for the

anodi sation of]. negAemetivdafor the anodisatioiedf intaghesiuin bt aheigiesiviRidlloy having a
fluoride and al um nat e conpounds are each provided in the range

of 0.01 to 0.Zng@edium contént ofatRASIOTO% by Wikglan@riditier Cthe maphesias mateﬁal”)
clainmed in claim13 wherein said fluoride and al um nat e conpounds
conpri se sodi w@ﬁgﬂl ate and sodi um fl uoride and are each provi ded
in the range 0.05 to 0.1 nol ar.

prov1dmg an electrolytic solution containing ammonia;

providing a cathode in or for said solution;
placing the magnesium based material as an anode in said solution and,
passing a current between the anode and cathode through said solution so that

an anodised surface results, the method being characterised in that

C

C

the aqueous electrolyte solution contains at least 1% w/v ammonia, (when
'expressed as ammonia, ie; NH,) and is alkaline;

the electrolyte solution includes at least one of the following

(i) at least one source of phosphate ions,

(ii) at least one source of aluminate anions, and

(iii) at least one source of fluoride ions; and

the current applied during the anodisation is to a voltage limit

(A) (@) ifno hydrbgen peroxide and/or a soluble peroxide is present in the

C

electrolyte solution, greater than 220 Volts, and |

C

(ii) ifhydrogen peroxide and/or a soluble peroxide is present in the
electrolyte solution , greater than 210 Volts, and
(B) below that which provides any substantial degree of spark formation on
the magnesium material or its anodising surface as anode and/or plasma discharges
yet is higher than would otherwise be possible without any substantial degree of
spark formation on the magnesium material or its anodising surface and/or plasma
discharges were it not for the ammonia presence in the electrolyte solution.
2. A method as claimed in the Claim 1 wherein said electrolyte solution includes at least

one source of phosphate ions.
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(57) Abstract

This invention provides a method for the
ancdisation of magnesium in magnesium based
alloys using an electroiytic solution containing
ammonia. The use of such an electrolytic solu-
tion alters the manner in which the anodisation
occurs to provide a coating on the magnesium
material without spark formation.
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