
3. A method of Claim 2 wherein there is no presence of or no substantial
presence of  either aluminate anions or fluoride ions. 4. A method as
claimed in any one of the preceding claims wherein the aqueous  electrolyte
solution contains at least 3% w/v ammonia (when expressed as ammonia gas).
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 aqueous 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 or 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 present.  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 -
phosphates and citrates and phenols.  15. A method of any one of the
preceding claims wherein the electrolyte solution is free  of any
substantial presence of chromium II and chromium (VI). 16. A method of any
one of the preceding claims wherein the electrolyte solution  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 containing
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 cathode 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 plasma-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.
-3 -      
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-4-        Fiaure 1    shows a diagrammatic view of an anodisation
bath in accordance with an embodiment of                    this invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS              This invention
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 of between 1% and 33% w/v is
WO 96/28591                                      PCT/NZ96/00016
desirable. It has been found that solutions in which        the
concentration of ammonia is below 1% w/v tends to        cause some sparks
to form with the method of formation        of the 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 of 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  
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-6-        process to operate within the approximate range of 170        to
350 v DC.                In a process such as this embodiment, the
formation of sparks can occur for a number of reasons.        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, sparks may
form. If the        concentration of phosphate is increased 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 voltage 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 solution 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       WO 96/28591
PCT/NZ96/00016                                  -7-        prior to a good
coating having been formed on the        magnesium anode.                In
a further embodiment, peroxide may be added to  



the electrolytic solution. The addition of peroxide has        been
observed to decrease the voltage at which the        coating forms without
spark formation. For 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 produces no significant        difference to the
coating than the example with no        peroxide. 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       WO 96/28591
PCT/NZ96/00016                                   -8-        which is
immersed within the solution 2. The process        itself is, to a large
degree, self terminating with the        current drawn by the anodising
bath 1 falling off as the        depth of coating on the portion 8
increases. In 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 coating 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
provided        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 of
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       WO 96/28591
PCT/NZ96/00016          and other ammonium phosphate compounds could act as
direct substitutes. 



Anodisation using the ammonium phosphate compounds        gives significant
corrosion resistance to the coating.        Also the coating is
particularly suited to further        coating with paint or other organic
sealers.                 In further preferred forms of the invention, the
electrolytic solution 2 may contain compounds such as        ammonium
dihydrogen phosphate or, alternatively 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 sodium 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,       WO 96/28591
PCT/NZ96/00016                                 - 10 -        therefore, may
be less suitable if it is desired to        manufacture components for the
same product from the        different materials and be able to provide
matching        finishes on both aluminium and magnesium products.
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[err]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.       WO 96/28591
PCT/NZ96/00016  



It should be noted that the choice of additives        includes a phosphate
additive and/or a fluoride        additive. If the fluoride additive is
used in        substitution for the phosphate additive, this leads to
greater problems with the disposal of the solution.        Fluoride
compounds are environmentally costly owing to        stringent
environmental regulation of their effluent and        disposal. By
comparison, the phosphate compounds are        less damaging to the
environment 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        coating of magnesium oxide and magnesium
hydroxide with        further constituents according to any particular 



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.       WO 96/28591
PCT/NZ96/00016                                  - 12 -              It
should further be noted that the use of ammonia        in the solution may
necessitate the use of ventilation        in the area about the anodisation
bath 1.                The process as defined also tends to 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.       WO 96/28591
PCT/NZ96/00016                                 - 13 -       WE CLAIM
1.   A method for the anodisation of magnesium based 



materials comprising:                   providing an electrolytic solution
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.         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      WO 96/28591
PCT/NZ96/00016                                -14-             provided in
said solution in the range of 1% to             33% w/v.        5.   A
method for the anodisation of magnesium as             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
magnesium 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.           10.
A method for the anodisation of magnesium as        claimed in claim 7
wherein said solution contains  



ammonium dihydrogen phosphate.    11.   A method for the anodisation of
magnesium as        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.       WO 96/28591
PCT/NZ96/00016                                 - 16 -       16.  A method
for the anodisation of magnesium as              claimed in claim 15
wherein said peroxide is              provided in the range 0.05 to 0.2
molar.         17.  A method for anodisation of magnesium as claimed
in claim 16 wherein said peroxide comprises sodium              peroxide or
hydrogen peroxide.         18.   An anodised magnesium material anodised by
the              method as defined in the preceding claims.    


