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'METHOD OF PRODUCING
CONVERSION COATINGS

The present invention relates to the deposition
of coatings oﬁ metal‘substfateé and particularly to a
method of depesiting non-metallic comversiom coatings
centaining hydrated metal oxides.

Conversion coatings are coatings of water insoluble
inorganic metal salts which are deposited on metallic
substrates to enhance the'corrosion.resistance of the
substrate, to iméreve the adhesicn éfﬁpaint and/ox
lacquers to be applied,ovér the conversion coating, te
the substrate ¢r to enhance the strength of the bond
between the substrate and & layer, typically of plastics
material, to be laminated thereto. -

The type of the conversion coating used depends

inter alia on the nature of the substrate and the intended

end use, For ferrous metal substrates, pnosphate con-
version coatings are widely used. For non-ferrous metals
“ehromate" conversion coatings are widely used. "Chro-
mate" conversion coatings provide the substrate metal

with a protective ccating based on the hydrated oxides

of chromium and conteins CrVI and, usually, CrIII and
caticnic species derived from the substrate. Anionic
species, other than oxides and hydroxides, including hydrated

spacies, may be occluded from the solution. This is in
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contrast with "phosphate" coatings where the coating
includes phosphate as a major anion., In the present
context reference to hydrated oxides is intended to
refer to water insoluble metal and oxygen containing
conversion coatings in which it is believed that the
metal is principally present as its hydrous metal |
oxide(s) and/or hydroxide(s) and it is this kind of ‘
coating that is referred to in the term "hydrated metal
oxide” type of coating.

Currently conventional chromate conversion coating
systems involve deposition from highly acid baths,
typically based on sulphuric or nitric acids, including
dissolved CrVI e.g. from Cr03 or a chromate sélt.
Coatings deposited from'solutions containing sulphuric
acid are yellow-gold and those deposited from solutions
containing nitric acid tend to be slightly blue. These
solutions are highly corrosive because of their acidity
and toxic because of the presence of CrVI. It has
recently been suggested that CrVI may be carcinogenic.
These are principsally operating dangers which can be
met by suitable careful design of equipment and the
adoption of appropriate safety precautions by the
operators, A further major problem with CrVI based
systems is that effluent treatment is difficult because
of the toxicity of CrVI even in very smell concentrations.
Present regulations set a maximum concentration of less
than 1 ppm of CrVI in effluent discharges and even
stricter limits are likely in the future. In view of
the difficulties arising from the toxicity of CrVI,

7
techniques avoiding the use of Cr‘I have been sought,
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In our earlier U.K. Patent Specification No.
1531056 and West German Offenlegungsschrift No, P 28
22 463 we have described electrolytic techniques for

the production of chromium-containing comversion

-coatings based on CrIII; Such coatings can be made

containing substantially no CrvI and we have referred

_to them as "chromite" coatings. Further, although the

use of Cr I as a minor constituent in the electrolyte
is described in Specification No.1531056, solutions
containing no CrVI at all are described and Offenle-
gungsschrift No. P 28 22 463 involves mno CrVI. Such
Cr I free, Cr I, based systems are an improvement
on CrVI- based systems especially with regard to
effluent treatment, but they are not a complete
answer to the problem beqause CrIII is itself somewhat
toxic, althdugh much less so than CrVI, and the
effluent concentration maximum limits are fairly

stringent (ca 2 ppm).

The present invention is based on the discovery
that it is possible to deposit corrosion resistant
conversion coatings of the hydrated metal oxide type

from solutions containing no chromium at all.

Accordingly the present invention provides a
method of depositing & conversion coating of
hydrated ~luminium oxide on a substrate of aluminium,
magnesium, tin or zinc, which method comprises

contacting the substrate to be coated with an aqueous



10

15

20

25

0044171

solution of AlIII at a concentration of at least 0.05

gl -1, the solution having a pH of from 1.5 to 5.5
and including nitrate ions as a depolarising agent
for the reaction between the solution and the surface
of the substrate, whereby a conversion coating is .

deposited on the surface of the substrate.

We refer herein to the conversion coatings being
of hydrated aluminium oxide. As those skilled in the
art will appreciate the coatings may initially include
aluninium hydroxide or other similar species and after
aging (see below) the structure of the coating may be
more highly catenated. 1In this specification we use
the term "hydrated aluminium oxide" to include
aluminium oxy and hydroxy species precipitated from
aqueous solution by increasing pH and the trans-

formation products in the coating on drying.

In the method of this invention in the reaction
between the solution and the substrate, the substrate
behaves ancdically in the reaction:

M — Mp+ + ne
where M is the metal of the substrate, and nt+ is the
oxidation state of the metal ion released from the
substrate. The reaction liberates electrons which
polarize the reaction at the substrate. The nitrate
ion in the solution acts as an electron receptor,
being reduced in the process, and depolarizes the

reaction. The reduction of the nitrate causes a rise

in the pH of the film of solution adjacent the
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substrate and leads to precipitation of hydrated
aluminium oxide in this film and the deposition of
the conversion coating on the substrate. The
conversion coating contains hydrated aluminium oxide
and will usually include cationic species derived
from the substrate metal, probably also as hydraﬁed
oxides, and may include other species occluded f;om'
the solution. In the absence of nitrate, the low
acidity of the solution causes the substrate
dissolution reaction, which is a necéssary pré;
requisite for the formation of a conversioh coating,
to be choked preventing the formation of satisfactory
coherent conversion coatings. In the presence of
nitrate an alternative reaction path is provided
which does not require high acidity to promote the
dissolution reaction. The nitrate reacts according

to the following equation:
+

No,o o+ 10H + 8e_——T>NH4+ + 36,0.
This reaction effectively absorbs H thus causing the
pH to rise. Nitrate ion is exceptionally effective in
depolarizing the surface reactibn because its full
reduction to ammonium ion is an 8 - eléctron
reduction and reduction of 1 mole of mitrate .to
ammoniium consumes 10 moles of hydrogen ion i.e. nitrate
has a very low equivalent weight when acting as an

electron accepting depolearizer.

The solutions of AIIII used in this invention -

present a very small polution hazard especially as’
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compared with CrIII and even more so as compared with

CrIV. Indeed, it is well known that aluminium is
effectively non toxic in dilute solution and
aluminium salts are added to waste waters, especially
those containing heavy metal pollutants, in the
detoxification of such wastes. Further, the other
components used in the solutions do not give rise to
severe pollution problems. In some cases the
solutions contain fluoride, but the concentration of
fluoride used in low and fluoride effluent treatment

techniques are established and we do not expect any

problems in the handling of this fluoride.

As indicated above, the minimum concentration of
the aluminium ions in the solution to produce
satisfactory conversion coatings is 0.05 gl-l. At
lower concentrations conversion coatings form slowly,
if at all and the concentration is difficult to
maintain., Preferably the concentration is mot higher

-1 L3 -
that 5 gl because at higher concentrations

precipitation of hydrated aluminium oxide from the

bulk of the solution may occur, there is no further
beneficial effect in the production or properties of
the conversion coating and the solution is more
expensive and dragout losses are higher. The optimum
range of concentration is 1 to 3 gl-l. Concentrations
of the alumirnium ions are quoted as gl"1 of the

aluminium itself.

The source of the aluminium ions in the solution is
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not itself critical provided it is of adequate purity and
that the salt used is water soluble and that the anion does
not interfere with the formation of a conversion coating
(see below). Suitable salts include aluminium sulphate or
sodium alum and aluminium halides specifically aluminium
chloride. : |

The concentration of nitrate ion in the solution is
generally in the range from 1 to 20 gln1 measured as
NaNOB. At concentrations lessrthanrabout 1 gl-l the
deposition reaction is slow because the dissolution
reaction is insufficiently depolarized. At concentratioms
greater than about 20 gl-1 the reaction tends to be so
rapid that the substrate dissolves quickly and the
deposition of the conversion coating is mnot uniform. The
optimum concentration range is from 3-to 10 gl-l. The
source of the nitrate ions can conveniently be sodium or
potassium nitrate. Sodium nitrate is preferred on a cost
basis. |

The solutions used in the invention may include ome or
more surfactants to emhance wetting of the substrate by the
solution, We have not found it essential to use
surfactants, but under less carefully controlled
conditions, such as on an industrial production line, their
inclusion may be beneficial particularly in preventing
air bubbles adhereing to and obscurring the substrate
surface or in removing small particles of dirt or smears
of o0il or grease on the substrate from handling prior to
conversion coating. The surfactants used are ''compatible
surfactants" by which we mean that they do not form
insoluble products with other components of the solution.

For example the aluminium salts of stearic and other long
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chain carboxylic acids are insoluble and, therefore,

simple salts of such acids are not compatible surfactants.
Suitable compatible surfactants can be cationic, anionic

or nonionic such as alkyl pyridinium halides,alkyl
sulphonates, alkyl phenols and alkylene oxide condensation
products of hydroxyl compounds such as alcohols and phenols.
The skilled man would have no serious difficulty in
selecting a suitable compatible surfactant.

The amount of compatible surfactant used will depend
upon the particular circumstances but will typically be
from 5 to 250 ppm and more usually from 10 to 100 ppm,
by weight. | '

The substrate is of aluminium, magnesium, tin or'zinc.
In referring to these substrate metals we include their
alloys in which they are the major constituents. Also we
include articles of other metals, especially steel, clad or
coated with the specified substrate metals e.g. zinc ccated
or plated (galvanized)steel and tin plated steel (tin
plate). We have obtained the best techmical results in
providing conversion coatings on aluminium and this is

accordingly the preferred substrate.




10

15

20

25

0044171

Where the substrate is aluminium or an
aluminium alloy it is well known that it will
normally have a film of oxide on it. In order to
deposit a conversion coating on aluminium it is
necessary to remove this oxide film. This is most
conveniently done by including in the solution a
material to dissolve the oxide film. Fluoride ion
is the most convenient agent for carrying out this
dissolution, which is accomplished by the formation
of water soluble, stable fluoroaluminate. species.
For most cases simple fluorides such as sodium
fluoride are adequate, but complete fluoro-salts
which, in solution, partially dissociate liberating
fluoride e.g. fluorosilicate and fluoborate, can also
be used. It will be appreciated that additiom of
boric acid or a borate salt to a solution containing
fluoride will generaté fluoborate in situ. The
concentration of fluoride used in solutions for
providing conversion coatings on aluminium or its
alloys will usually be from 1 to 20 glui, optimally
3to8 gl-l, (expressed as NaF) when added as a simple

salt and from 3 to 15 gl-1 (as fluorosilicate) when

added as a complex salt.

Instead of including fluoride in the solution it
is possible to pre-treat the aluminium substrate to
remove the oxide film by dipping it in, or otherwise
contacting it with a separate fluoride~containing

solution e.g. 10% aqueous NaF, Clearly when this is
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done the substrate should mot be significantly exposed to
an oxygen containing atmosphere or environment to avoid
re-formation of the oxide film, The substrate can be
suitable protected by leaving a film of solution on it
until contact with the conversion coating solution.

The use of aluminium(including aluminium alloys) as
substrates in this invention is important because aluminium
is finding increasingly wider applications in which the
surface of the metal is to be subsequently painted,
lacquered or laminated to plastics. In such applications

it has been found that the oxide film on the aluminium

‘surface generally does not allow paint or lacquer to

adhere strongly. Contrary to this the aluminium oxide
conversion coatings produced according to the present
invention do enhance the adherion of paint or lacquer
films and laminated layers. Furthermore, coating aluminium
with a conversion coating is a gemerally quicker and
cheaper process than the usual anodizing process.

The temperature of the solution will usually and
preferably be ambient temperature, which, in working
plating and coating plant, is typically from 20 to 25°¢.

If ambient temperature is below .20°C especially if it is

‘below 15°C it is preferable to warm the solution to

maintain a temperature of at least 20°C. Ambient
temperatures higher than 25°C will not necessitate cooling
of the solution. We have not found any advantage in
heating the solution to temperatures above 25°C, but the.
invention will generally work satisfactorily at moderately
elevated temperature. The use of temperatures over 40°C
and especially 60°C is disadvantageous, economically

because of the cost of
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heating the solution and technically because the solution
is less stable to precipitation of aluminium hydroxide
from the bulk of the solution at elevated temperatures and
because the reaction with the substrate may be so rapid as
to prevent the deposition of uniform coherent conversion
coatings.

A partial excepticen to this is in no-rinse techniques
(described further below) where the substrate is contacted
with the solution under the temperature conditions set out
above and is subsequently dried without rinsing the
treatment solutiom from it. Drying is typically at
temperatures somewhat above 100°C and the reaction with the
substrate continues until the water is evaporated or beiled

off (or the solution is exhausted) at the elevated

temperatures reached during drying.

The pH of the sclution as used in the method is
moderately acid in the range 1.5 to 5.5. VWhere the
solution is as described as above the optimum pH depends
on the substrate metal. For zinc and magnesium substrates
the pH is preferably from 2.5 to 3.5 and optimaily about 3.
For aluminium substrates the pH is preferably from 3 to 4
and optimally about 3.5. For tin substrates the pH is
preferably from 1.5 to 3 and optimally about 2. Where, as
is described below, the solution includes borate the pH
will be somewhat higher in the range 4 to 5.5, the
optimum pH depending on the particular cénditions (see
below). Any necessary adjustments of pH can be carried out
using hydrochloric or sulphuric acids or sodium or

potassium hydroxides as necessary.
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Where it is desired to maximise the corrosion
resistance of the conversion coating we have found
that it can be advantageous to include borate in
the solution and to form the conversion coating under
controlled pH condition. The benefits of using
borate in this way are that coatings can be deposited
more rapidly, enabling thicker coatings to be
produced in a given treatment time, and that the corr-
osion resistance of the coatings is enhanced
particularly for coatings omn zinc including the

commercially important zinc galvanized steel.

Accordingly, in a further aspect, the present
invention provides a method of depositing a
conversion coating of hydrated aluminium oxide on a
substrate of aluminium, magnesium, tin or zinc which
method comprises contacting the substrate to be coated
with an aqueous solution of AlIII-at a concentration
of at least 0.05,g1-1, the solution having a pH of 4
to 5.5 and including nitrate iomns, as a depolarizing
agent for the reaction between the solution and the
surface of the substrate, and borate whereby a .
conversion coating is deposited on the surface of the

substrate,

The mechanism by which borate, as borate iomns or
boric acid enhances the deposition of conversion
coatings is not known. However, the presence of

borate appears to encourage the flocculation of the
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the hydrated aluminium oxide precipitated onto the
surface of the substrate. Additionally, in aqueous
solution the first iomization reaction of boric acid
acts to buffer the solution in the pH range used.
This pH range is higher than that indicated above as

the optimum in the absence of borate.

The absolute value of pH is not the only factor
and we have found that the most marked beneficial
results are obtained when the pH is close to that at
which hydrated aluminium oxide spontaneously
precipitates from the bulk of the solution. For
brevity we refer to this value of pH as the "pH of
precipitation" in any particular case. The absolute
value of the pH of precipitation is a property of the
aluminium containing species in thé solution, rather
than simply of aluminium itself, and the species
present depend on the ligands in the solution.
Additionally, the solution may contain non-
equilibrium species, typically hydrated aluminium-an-
ion complex ions which are nmot thermodynamically
stable but which persist for times comparable with
the practical useful life of any partiecular sample
of solution. The nature and composition of such
species depend on the history of the particular
sample of the aluminium salt used in making up the
solution. We have noticed that there can be
substantial differencesrin the behaviour of

successive batches of ostensibly identical aluminivm
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salts in this respect. It is for this reason that we
prefer to establish the desired pH of operation in
this aspect of the invention in relation to the pH
of operation in this aspect of the invention in
relation to the pH of precipitation rather than
solely in absolute values of pH. It is most
desirable tha£ the solution is mot more than 1 pH
unit and preferably not more than 0.5 pH units, more
acid than the pH of precipitation. The pH will not
be significantly more alkaline than the pH of
precipitation because the concentration of the
dissolved aluminium rapidly becomes too small to be
of practical use with such increasing pH. The actual
pH of the solution will not normally be more than 0.5
and more usually not mofe than 0.1 pH units more
alkaline than the pH of precipitation. Preferably,
the pH is substantially the same as or, within the
limits set out above, more acid than the pH of

precipitation.

In making up solutions for use in this aspect
of the invention we have found that it is particularly

convenient to make the solution up at a pH more acid

- than that desired for use and to add alkali e.g. as

ca. 10% aqueous NaOH or KOH, to the solution until a
slight persistent turbidity arising from precipitation
of hydrated aluminium oxide is induced in the solution.
1f excess alkali is added then mineral acid e.g. HC1
or stoq’ until the precipitate is just or not quite

redissolved can be added. This technique has obvious
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practical advantages over attempting to adjust the
pH to a predetermined pH value because of the

variability of the pH of precipitation.

In this aspect of the invention the amount of
borate included in the solution will usually be. at
least 1 gln1 as H3B03. The maximum amount is limited
by solubility but will not usually be more than
40 glm1 and preferably not more than 20 gl-1 as H3B03.
The borate can be added as boric acid or as alkali
metal, especially sodium, borate.

Where the substrate is aluminium the solution
may contain fluoride and the addition of simple borate
ions would result in the formation of flucborates thus
consuming both fluoride and borate. To offset this it
is desirable to add fluoborate to the solution thﬁs
increasing the equilibrium concentration of the active
species, fluoride and borate. If both borate and
fluoborate are added to the solution the equilibrium
established in solution will normally provide
sufficient fluoride to ensure dissolution of the oxide
filﬁ on the aluminium, The amount of fluoborate added
will typically be about twice the weight of the borate
e.g. for 10 g].-'1 borate about 20 gl-l fluoborate will
be used. However, it will be noted that additiom of
fluoborate to a solution does not, of itself, provide
sufficient borate to be effective in this aspect of
the invention. If the aluminium substrate is

pre-treated by contact with fluoride containing
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solution as described above, the addition of fluoborate

can be obviated.

This aspect of the invention can be used to produce

conversion coatings on any of the substrates indicated

previously. However, it is particularly applicable
where the substrate is aluminium or zinc, especially
zinc galvaniséd steel. Corrosion resistance for such
zinc surfaces is currently obtained by anodizing in a
complex, obnoxious, highly acid and'fluoride—containing
electrolyte. The solution used in this aspect of the
present invention is much less obnoxious and therefore
substantially advantageous. The provision of corrosion
resistant coatings on zinc galvanised steel is
particularly important for marine applicatioms. These
coatings can be used as corrosion resistant coatings on
their own or with the addition of paint or lacquer layers
on top. It is unlikely'that they will be used solely to

provide a "key" coating for subsequent lacquering.

The coatings produced in this aspect of the invention
are typically not clear but cloudly or opalescent in
appearance. Thus, they are not usually suitable
for coating on decorative substrates. Where it is
desired to maximise corrosion resistance the appearance
is of minor significance. Coatings deposited from
solutions containing borate build up more rapidly and can
be made more thick than those deposited without borate in
the solution. We believe that the increased thickness is
partly because the pH is higher and partly that the borate

acts to aid flocculation as mentioned above. The coatings

- produced using solutions containing borate typically have
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.better corrosion resistance properties than those

produced according to the invention but from solutions
not containing borate. We do not fully understand why
this is so. The increased thickness is clearly a
contributory factor but the effect is more marked than can
readily be accounted for solely om this basis. We think
that it is probable that some borate is occluded in and
incorporated into the conversion coating. In the coating
after aging (see below) we believe that the boron may be
present as crosslinked alumino-borate complekes which
enhance the corrosion resistance of the coating. Further,
the presence of boron-containing species in the coating
may buffer the coating and thus the enviromment of the
substrate thus making it less susceptible to corrosive

attack. We do not know which, if either, of these effects

is the more important.

The solutions used in the method of invention can be

made up simply by dissolving the constituents in water

followed by adjustment of the pH if mecessary. Replacement

of solution constituents consumed during use can be
effected by adding them as solids or, preferably, as a
concentrated made up solution. Where the substrate is
aluminium, dissolution of the substrate will mitigate
slightly the loss of aluminium from the solution in the
formation of the coating. The ultimate equilibrium
concentration of a solution "replenished"with Al only by
dissolution of the substrate appears to be between 0.05
and 0.1 gl"1 at which concentration conversion coatings

are deposited but not to give optimum performance.

Reference is made above to anions which interfere
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with the formation of the comversion soating. Anions
which interfere include those whose salts with the metals
in solution are insoluble either in the bulk solution

or in the film of solution adjacent to the substrate from
which the conversion coating is deposited. Thus,
phosphorous oxyanions, especially phosphate, PO4 -, are
preferably substantially absent. The amounts present

are impurities.in tap and process water (typically =not
more than 20ppm as phosphate) can be tolerated and at such
levels phosphate is regarded, for present purposes, as
being substantially absent. However, higher levels of
phosphate either as impurities or as added phosphate should
be avoided. The presence of phosphate can cause
precipitation of the metal from solution either by
premature precipitaticn in the film of solution adjacent
to the substrate or in extreme cases by precipitation from
the bulk of.the solution. Additiomnally, we have found that
the presence of phosphate.in the conversion coating has a
deleterious effect on the properties of the coating. As
well as phosphate other anions, especially the highly
oxidizing, high oxidation state metal oxyanions interfere
with the deposition of the desired conyersion coatings.
Examples of such anions and manganate, permanganate chrom-
ate and dichromate. These materials are not deliberately
added to the solutions used in this invention and care

will generally be taken to ensure their absence.

Apart from aluminium and alkali metal cations (which
latter are water soluble at all pHs) we have found that
there is no advantage in including any other metal cations

in the solution. The presence of such other metals either
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reduces the bereficial properties of the conversion
coating or gives rise to pollution problems or both.
Specifically metals,other than aluminium, having insoluble
hydroxides or hydrated oxides such as Ca, Cr, Co, Fe, Mg,
5 Mn, Ti and Zﬁ are desirably absent from the solution. 1Imn
the case of Mg and Zn trace qualities.may be present from
substrate dissolution. |
As has been indicated above the invention is
particularly applicable to the coating of aluminium
10 substrates. Accordingly, the invention provides a method
of depositing a conversion coating of a hydrated aluminium
which method comprises contacting the substrate with an

aqueous solution containing from 1 to 2 gl-1 of Al III,

preferably as chloride or sulphate; from 3 to ?l:{)gl-'1 of
15 NOB-, measured as, and preferably in the form of, NaNOB;
and from 1 to 5 gl-i of F~, measured as, and preferably
in the form of; NaF; the solutiomn having a pH of from 3 to
5 and,apért from impurities,containing nc materi als other

than water, compatible surfactant, AlIII, NO,,  (and its

20 reducting products principally NHZ), halide, éreferably
not Br or I, sulbhate and alkali metal, preferably
sodium, cations; whereby a conversion coating of hydrated
aluminium oxide is deposited on the substrate.

VWhere it is desired to maximise corrosion resisténce

25 this method may be modified to adjust the pH of the
"solution, in the range from &4 to 5.5, to within + 0.1
and-C.5 pH units from the pH precipitation and including
in the solution from 1 to 20 gl-l of borate, preferably

as sodium borate and, optionally from 5 to 40 gl-1 of
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fluoborate, preferably as sodium fluoborate, the weight
ratio of borate to fluoborate preferably being about 1:2.
The substrate in this case can be either aluminium or zinc
and if it is the latter the solution may contain trace
amounts of zinc from substrate dissolution.

Using the conditions described above, contact of
the substrate with the reaction solution for a period of
only a few seconds will generally be sufficient to giwe
a coherent conversion coating on the substrate. The
period of time of contact will be selected depending on
the thickness of the conversion coating desired which, in
turn, will depend on how the coated substrate will be used.
Typically, the period of time for which the substrate is in
contact with the solution (the *contact time") will be from
5 seconds to 2 minutes. The contact time will be chosen
to suit the intended use of the treated substrate. For
"key'" coatings (further described below) the contact time
will typically be from 5 to 15 seconds. For corrosionm -
resistant coatings the contact time will typically be from
10 seconds to 2 minutes. The contact time will usually be
lenger than time for which the substrate is immersed in the
solution (the "{mmersion timesj. This will be especially
true of continuous systems especially mo-rinse systems. In
such systems the immersion time may be as little as 2
seconds. Since the reaction ccntimues after removal of the

substrate from the solution (up to rinsing, dewatering or

'drying) the effective contact time can be substantially

longer than the immersion time. 1In systems where the

solution is sprayed or rolled onto the substrate the term

" immersion time " has no definite meaning and the "contact

time" is the real measure of the treatment time.
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The typical short time of contact of the substrate
with the reaction solution allows the method of the present
invention to be carried out on a continuous or semi-
continuous as well as a batch-wise, basis. For example, a

continuous tape or strip of the substrate metal may be

drawn through a vat containing a reaction solution according

10

15

to the present invention at a speed such that the desired
thickness of coating is formed on the tape or strip, or a
sequence of plates or sheets may be automatically dipped
into, moved through and removed from a (relativelylomng) bath
of solution.

The thickness of the conversion coating deposited
depends mainly upon the concentration of the solution and
the time of treatment. The conditions employed in the method
of the present invention are such that, in general,
conversion coatings having a thickness of from 0.01 to Sum

are obtained. Of course, the thickness of the coating will

be determined according to the intended purpose of the

20

25

30

deposited coating and the intended use of the coated
substrate. Thus, for most industrial applications where the
coating is intended to proteét tﬁe surface - of the substrate
from corrosion, generally a thickness of from.1 to 5 pm will
be desired, corresponding to a contact time of from about
20 seconds to about 2 minutes. Where the conversion
coatings are produced using solutions containing borate (see
described above) the thickness will generally be from 20 to
20 pm although the treétment time will generally be within
the range set out above.

If the conversion coating is to be deposited as a "key"
layer onto a substrate in order to enhance the adhesion of

subsequent paint or lacquer films, a coating thickness of
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from 01 to 1.0 pm is acceptable for most applications,
corresponding to a contact time of from 5 to about 15
seconds., Coatings having a thickness at the upper end of
this range can be produéed using no.rinse systems.,
Conventionally conversion coatings are applied by
dipping the substrate into the treatment solutiom for a
time sufficient to develop a comversion coating of the
desired thickness as briefly mentioned above. Such
techniques can be used in the method of the present
invention. However, the relatively mild nature of the
solution used in the present invention in particular by
comparison with the highly acid and oxidizing sclutions
used in depositing-chromate conversion coatings, opens up
the possibility of using other techmiques which can
increase throughput, decrease capitcal cost and /or

increase operational flexibility. Thus, the conversion

.coating solution can be sprayed onto the substrate rather

than applied by dripping. As described above, the
treatment time is effectivelynthe immersion time, but this
need not be the case since the treatment solution can be
left as a surface film on the substrate after removal from
the treatment bath or as deposited omn the substrate by
spraying. This extends the treatment time until the
solution is rinsed off or otherwise remomd (assuming it is
not previously exhausted). Indeed, it is possible to dry
the treatment solution onto the substrate thus making it
possible to operate a no-rinse system. (The substrate
will usually be deliberately dried to speed aging, as
described below). In the present invention no-rinse

techniques enable relatively thick coatings to be
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produced using short immersion or contact times,
because the formation of the coating is enhanced by the
elevated drying temperature. Other possibilities will be
apparent to those skilled in the art.

5 One particular technique which is not open to
operators of Chromate conversion coating systems is the use
of dewatering techniques such as are commonly used in less
corrosive situations. In dewatering, the wet substrate is
immersed in or otherwise contacted with a water immiscible

10 1iquid which readily wets the substrate. On centact, this
liquid displaces the water from the surface of the

substrate and the substrate can subsequently
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readily be dried by evaporation of the liquid. The
treatment solution can subsequently be separated from

the water immiscible 1liquid and reused. This technique
can significantly reduce effluent treatment problems and
permit efficient reuse of excess solution, as compared
with rinsing and subsequent drying techniques. Typically,
dewatering fluids are medium boiling point hydrocarbons
especially petroleum fractions such as 'white spirit",
kerosene and light mineral oil, comtaining a surfactant
and a carrier solvent for the surfactant. They may also
include corrosion inhibitors appropriate to the substrate.
Suitable inhibitors for zinc include 2,5- dimercapto-
thiadiazole and dithio—ogamide. Other compounds and
inhibitors for other substances are known in the art of
using dewatering fluids. Some dewatering fluids include
waxes e.g. high molecular weight hydrocarbon waxes, which
form a thin film over the conversion coating after
evaporation of the solvent. The use of corrosion
inhibitors and / or waxes can further improve the corrosion
resistance of substrates treated according to this
invention, although the use of waxes may not be appropriate

when the substrate is subsequently lacquered or painted.

Freshly deposited coatings are soft and can be
removed from the substrate by mild abrasion. The coatings
can, however, be hardened and made more resistant to
mechanical abrasion by air drying, e.g. at ambient
temperature preferably for not less than 24 hours. The
beneficial effects of drying can be accelerated by placing
the coated substrates in an oven, preferably at
temperatures in the range 60 to 120°C for periods of from

1 to 2 hours.
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As is indicated above conversion coatings may serve
as primer coatings for subsequent coatings of paint or
lacquer. The conversion coating enables enhanced adhesion
of the paint or lacquer coating to be achieved and provides
additional protection against corrosion by suppressing
under-film (i.e. under paint or lacquer) corrosion of
substrate metal. The conversion coatings may also be used
to "key" layers of plastics materials to the metal
substrates in the productions of laminates, to improve the

strength of the metal-plastic bond.
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The invention is illustrated by the following
Exahples. Neutral salt spray testing, referred to in
the Examples, is carried out according to the method’
set out in ASTM Method No. B - 117 .,

EXAMPLE 1
An aqueous solution having the following compos-

ition was made up:

attl 1.5 g]."1 (present as the sulphate)
NaNo, 5 g1

NaF 3 gt

pH adjusted to 4,0 with dilute sulphuric

acid or dilute caustic soda as necessary.

- Aluminium panels were treated by dipping them in the

solution at ambient temperature (ca. 22°C) for periods
of time of from 10 seconds to 2 minutes. The dipped
panels were subsequently dried and tested by subjecting
them to meutral salt spray testing, All the panels
treated had salt spray resistance of greater than 1000
hours, An untreated (control) panel showed corrosion
after only 24 hours. |
' EXAMPLE 2

Example 1 was repeated varying the concentrations
of the solution constituents, solution pH and dipping
time within the limits set out below

a1ttt 1to 2 gl"1 (present as sulphate, sodium
alum or chloride)

NaM0, 3 to 8 gl’i

NaF 1 to 5¢gl

pH 1.5 to &

time 10 seconds to 2 mins, -
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Panels treated at ambient temperature (20 to 25°C)
throughout these ranges had salt spray resistances of

up to 1000 hours,

EXAMPLE 3
An ageous solution.ha&ing the following composition was
made up:
attt1s glﬁ1 (present as sulphate)
NaNO, 5 g1t
pH adjusted to 3
Zinc plated steel panels were treated by dipping in this

solution at ambient temperature for from 10 seconds to 2
minutes. The dipped panels were subsequently dried and
neutral salt spray tests showed resistance for up to 24
hours. Untreated control panels failed almost immediately.

This Example was repeated several times varying the
Al concentration from 1 to 2 gl , the NaNO3 concentration
from 3 to 8 gl"1 and the pH from 2 to 4 and gave comparable
results throughout thé ranges.

EXAMPLE 4
A steel pénel was electroplated with 5 pm tin, dried

and immersed for 30 seconds in a solution of the following

composition
: -1
A12(SOA)3 i8 81-1
NaN03 7 gl

pH adjusted to 4.0

Temperature 25°C.
After drying a pale blue film was visible on the surface.
The solution was modified by adding 10 gl-1 of sodium borate
and the pH was adjusted(increased)until a slight precipitate
of hydrated aluminium oxide was present. A second similar
tin plate panel was immersed for 30 seconds in the solution

and after drying a blue-yellow film was visible on the



- -28- 0044171

surface. These two panels ﬁogether with a third
similar but untreated tin plate panel were exposed to
neutral salt spray testing. After 24 hours of testing
the untreated panel had tin corrosion products on its

surface but no corrosion of either of the coated panels

had occurred.
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Example 3

An aqueous solution having the following composition

was made up:

153 S
Al 2 gl - (as sulphate)
NaNO, 6 gl™"

NaBF4 20 gl

pH adjusted to 4.0.

1

Aluminium panels were degreased, etched and desmutted
by conventional techmniques and after rimsing were
immersed in the solution for 30 seconds at ambient
temperature. The panels were then dried and a faint
iridescence was visible on the surface of the panels
indicating that a conversion coating had been deposited.

A solution identical to that above was made up except
that

HBO, 10 gl

was added. The pH was adjusted by adding NaOH solutiomn

1

until a faint cloudiness due to aluminium hydroxide was
observed, The pH at this point was 4.5, A further series
of aluminium panels prepared as above were treated by
immersion in the modified solution for 30 seconds at ambient
temperature.

Both sets of panels were subjected to mneutral salt spray
testing. The first set of panels showed corrosion of
the substrate after 300 hours of testing; the second set

showed the same effects after 500 hours of testing.



10

15

20

25

0044171

Example 6 .

Example 5 was repeated using two sets of aluminium
panels except that the sodium fluoborate was omitted
and the aluminium panels, after desmutting and rinsing,
were dipped in an aqueous solution containing 10 gl-1
sodium fluoride for 10 seconds at ambient temperature -
and transferred without rinsing to the conversion
coating solutions. The two sets of panels were subjected
to neutral salt spray testing. The first set survived
250 hours testing whereas the second set survived 500

hours testing.

~ Example 7

An aqueous solution having the following composition

was made up:

-1
A12(504)3 15 gl_l
NaNO, 10 gl
NaF 1.5 g1t
pH adjusted to 4.0.

A first set of aluminium panels were degreased, etched,
desmutted and rinsed and dipped in the sclution at ambient
temperature for 30 seconds and then rinsed and dried.

A second set of aluminium panels were treated in the
same way as the first set except that the temperature of
the solution was 60°C and the immersion time 2 seconds.

A third set of aluminium panels were treated in the
same way as the second set except that after the 2 seconds
immersion they were dried without rinsing.

All three sets of panels were subjected tc neutral
salt spray testing. The first set survived 900 hours of

testing; the second set survived only 200 hours testing;
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~and the third set survived 800 hours testing

Example 8§

Two aluminium panels and two electrogalvanized
steel panels (10 pm Zn) were conventionally cleaned and

5 pretreated for conversion coating. A conversion coating

solution was made up containing:

. .=1

AL,(s0,), 12 g1-1

NaF 5.g1l

10 NaNO, 7 g1'1
pH adjusted to 4.0

Temperature 25°¢.

, The four paneis were immersed in the solution for

15 60 seconds to conversion coat them, rinsed in water, air

dried for 48 hours at ambient temperature and

electrostatically powder painted. Each panel was

scribed in a cross hatch pattern through the coéting

to the substrate metal. All the panels were subjected
20 to 500 hours neutral salt spray testing followed by

300 hours of humidity testing (also according to ASTM

test No. B-117). Examination of the panels showed

that they all passed according to the standard because

they showed no sign of underfilm corrosion or loss of

25 paint adhesion.
Example 9

An aqueous solution having the following

composition was made up:
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Al (50.), 12 g7}

273 -1

NaF 4,5g1

NaNO3 7 gl"1

pH adjusted to 4.0

Temperature 25°¢.

An aluminiqm panel was degreased, etched and
desmutted and after rinsing and drying immersed in the
above solution for 1 minute to deposit a conversion
coating on it. The panel was removed from the solution
and, without intermediste rinsing or drying, immersed
in a commercially available dewatering fluid, IL 968
obtained from Esso Ltd., for 2 minutes, The conversion
coating solution was completely removed by this treat-
ment and the panel had a film of dewatering fluid on
its surface.

The treated panel was dried in air at ambient
temperature for 24 hours and then subjected to neutral

salt spray testing. It survived 600 hours of testing

satisfactorily.
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EXAMPLE 10

A solution having the following composition was made

up:
: ' -1
A12(804?3 15 gl-l
NaN03 10 gl
NaF 5 gl-1

pH adjusted to 4.5

Aluminium panels were degreased, etched and desmutted
by standard procedures and a conversion coating was
deposited on them by immersion in the above solution for

1 minute at 25°C. After rinsing in water and drying for

1 hour at 110°C, the panels were divided into two sets;

one set was spray painted and the other set was spray
lacquered. Further sets of panels which had been degreased
etc., but not conversion coated were spray painted and
lacquered under the same conditions. The organic coatings
on all the panels were cured according to manufacturers’
instructions. The adhesion of the organic coatings was
assessed by the cross hatch adhesion test and resistance
to under-film corrosion was assessed by scribing two
diagonal lines across the specimen, through the convérsion
coating and then subjecting the specimens to 200 hours

neutral salt spray testing. Both tests are according to

ASTM Test No. B.117. The results are set out in the table

below.
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Sample Coating Adhesion Corrosion
Resistance
Conversion Paint Good Excellent
Coated ’
Lacquer Good Excellent
Not Paint Very Poor | None
Conversion
Coated
Lacquer Poor None
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CLAIMS

A method of depositing a conversion coating of
hydrated aluminium oxide on a substrate of aluminium,
magnesium, tin or zinc, which method comprises
contacting the substrate to be coated with an aqueous
solution of AlIII at a concentration of at least 0.05 gl~
the solution, having a pH of from 1.5 to 5.5 and
including nitrate ions as a depolarizing agent for the
reaction between the solution and the surface of the
substrate, whereby a conversion coating is deposited
on the surface of the substrate.

A method as claimed in claim 1 wherein the AlIII
is present as aluminium chloride, aluminium sulphate

or sodium alum at a concentration of from 1 to 3 gl-l

I1T . " .
s Al and the nitrate is present as sodium or

potassium nitrate at a concentraticn of from 3 tdiﬂ)gl-1

calculated as NaNO_.

A method as claimed in either claim 1 or claim 2
wherein the substrate is aluminium,the pH is from 3 to
5 and either the solution contains fluoride or the
substrate is pre-treated with an aqueous fluoride
solution to remove the surface layer of aluminium
oxide on the substrate to enable deposition of the
conversion coating.

A method as claimed in claim 3 wherein the fluoride
is present as sodium fluoride at a concentration of
from 3 to 8 gl“1 as Na F,

A method as claimed in claim 1 for depositing a
conversion coating on a substrate of aluminium,

wherein the solution contains from 1 to 2 gl-l of

1
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Al as chloride or sulphate; from 3 to 10gl = of
NaNO3; from 1 to 5 glm1 of Na F; the solution having a
pH of from 3 to 5 and, apart from impurities, containing
no materials other than water, compatible surfactant,
AlIII, nitrate and its reduction products (principally

NHA+)’ fluoride, chloride or sulphate and sodium,

A method as claimed in claim 1 wherein the solution
has a pH of from 4 to 5.5 and includes borate in addition
to A1 and noT .

3

A method as claimed in claim 6 wherein the AlIII

is present as aluminium chloride, sulphate or sodium

alum at a concentration of from 1 to 3 gI-l as AlIII;

the nitrate is present as sodium or potassium nitrate

at a concentration of from 3 to]&)gl-l calculated as
NaNOB; and the borate is present as boric acid or sodium
borate at a concentration of from 1 to 20 gl-1 calculated
as H3B03 . .

A method as claimed in either claim 6 or claim 7
wherein the substrate is aluminium and either the solution
contains fluoride or the substrate is pre~treated with an
aqueous fluoride solution to remove the surface layer of
aluminium oxide on the substrate to enabie deposition of
the conversion coating.

A method as claimed in claim 8 wherein the fluoride
.1s present as sodium fluoride at a concentration of from
3to 8 gl_1 as NaF, )

A method as claimed in any ome of claims 6 to © where
in the pH of the solutiom is from 0.5 pH units less than
0.1 pH units more than the pH of precipitation.

A method as claimed in claim 6 for depositing a

conversion coating on a substrate of aluminium or zinc,
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wherein the solution contains from 1 to 2 gl-'1 of AlIII

as chloride or sulphate; from 3 to 1og'l.-1 of NaNO3; from
1to 5 g1~} of NaF; from 1 to 20 gl™> of Na,BO

373
calculated as H_BO.; the solution having a pH in the range

?
4 to 5.5 and being3from 0.5 pH units less than to 0.1 pH
units more than the pH of precipitation and, apart from
impurities, containing no materials other than water,
compatible surfactant,AlIII, nitrate'(and its reduction
products (principally NH4+), fluoride, chloride or sulphate,
sodium, borate,where the substrate is zinc, trace quantities
of zinc from substrate dissolution, and where the substrate
is aluminium optionally fluorborate.

A method as claimed in any one of claims 1 to 11
wherein the substrate is dried and the conversion coating
is aged. '

A method as claimed in claim 12, wherein the substrate

is subsequently painted,lacquered or laminated to a

plastics material.
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