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ORGANIC DYES

Colored, anodized. aluminum is used in a wide variety of applications ranging from
giftware and novelties through automotive and application trim, and even in such
demanding situations as exterior architecture. Imitations of precious and semi-precious
metals such as gold, copper, brass, etc., as well as a wide variety of new and interesting
colors have given this type of finish wide appeal. The utilization of electropolishing or
bright dipping in conjunction with a thin anodic film produces a finish whose appeal
cannot be duplicated by other means.

The actual process of dyeing the aluminum oxide film is very simple. A water solu-
tion of 0.025 to 1.0% of dyestuff at a temperature of 150°F composes the dyebath. The

. aluminum, previously anodized, is simply immersed in this bath for a short period of
time, usually ten minutes. The work is then sealed and is resistant to further dyeing or
staining.

The equipment required, in addition to that needed for the actual anodizing oper-
ation, consists of the following:

Rinse tanks with clean, flowing water.

A dye tank for each color desired.

A sealing bath preferably equipped with continuous filtration through activated
carbon. :

The dye tanks must be of stainless steel, plastic, fiberglass, or some other inert sub-
stance; never of copper or steel. They must be supplied with means of maintaining a
constant 150° temperature and should be equipped with some form of agitation. Usual
plant practice is to use air agitation. With air agitation the use of water and oil traps,
plus a filter on the air supply, is necessary to prevent contamination of the dye solution.
A few drops of oil spread on the surface of the dyebath is very often the cause of
streaked and spotted work.

- Rinsing-after anodizing, followed by immediate dyeing, is of prime importance.

Since some dyes will not dye aluminum in the presence of sulfate ion, poor rinsing cam
cause streaks and discolorations. Even in the case of dyes not affected by sulfates, any
carry-over of acid causes a lowering of the pH of the dyebath which means shade vari-
ations in succeeding batches of work. In the design of parts to be color anodized, care
must be taken to avoid the use of closed heads or seams which are impossible to rinse. In
the case of parts containing recesses which are difficult to rinse, a neutralizing bath of
sodium bicarbonate is of value. In working with coated racks, care must be taken that
the rack coating does not separate, thereby forming pockets that can entrap sulfuric
acid, later allowing it to seep out into the dyebath. Work must not be allowed to stand -
in the rinse tanks between anodizing and dyeing, but should be dyed immediately,
following a thorough rinsing. For most effective rinsing three tanks should be used. In
this way the final tank will remain relatively free of acid.

SEALING

The sealing process consists of immersing the anodized metal in a hot water bath
wherein the aluminum oxide coating is converted from AlO to the monohydrate,
AlLO,-H,0, with an accompanying increase in volume. Thus, the microscopic pores in
the coating are closed and the coating becomes resistant to further staining. In the
sealing of dyed coatings, the addition of 0.5% nickel acetate prevents leaching out of
the dye in the hot solution before the pores are completely closed. When sealing with the
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nickel acetate bath, a smutty deposit may form on the work. This can be minimized by
the addition of 0.5% boric acid to the bath or by the use of acetic acid to lower the pH
of the solution to 5.3-5.5. Too low a pH, however, causes leaching out of the dye. Use
of 0.1% wetting agent in this bath also aids in preventing formation of the smut. A
proprietary sealing material designed to completely eliminate this smut is now available.

The sealing tank should be of stainless steel or other inert material and must be
maintained at 200°F. Use of the filter enables a number of colors to be sealed in the
same bath without danger of contamination.

FACTORS INFLUENCING SHADE

In order to obtain reproducible results from batch to batch, a large number of vari-

ables must be kept under close control. First to be considered are those which affect the
nature of the coating.
Alloy: :
The type of aluminum alloy has a pronounced effect on shade, especially with cer-
tain dyes. The brightest and clearest anodic films are produced on the purest form of
aluminum, the coatings becoming duller as the amount of alloying constituents are in-
creased. Superpurity aluminum (99.996 Al) and its alloys with small amounts of mag-
nesium produce an extremely bright film which does not become cloudy upon being an-
odized for extended periods. Alloys containing copper, such as 2017 and 2024, although
forming a thinner and less durable coating than the purer forms, produce a heavier and
duller shade. Magnesium in excess of 2% has a similar effect although not as pro-
nounced. The presence of silicon imparts a gray color to the coating; alloys containing
more than 5% silicon are not recommended for use with bright colors, The majority of
casting alloys contain appreciable amounts of silicon, ranging as high as 13%, and pre-
sent difficulty in anodizing. Use of a hydrofluoric acid dip prior to anodizing is of value
when high-silicon alloys are encountered.

Since the various alloys produce different shades when anodized identically, the de-
signer of an assembled part must use the same alloy throughout if the shades of the indi-
vidual components are to match.

Anodizing Conditions:

Other variables affecting the nature of the coating, that is its thickness, hardness,
and porosity are the concentration and temperature of the anodizing bath, the current
density (or the applied voltage which actually controls the current density), and the time
of anodizing. These factors must be rigidly controlled in order to achieve consistent re-
sults.

The sulfuric acid anodizing bath produces the best coatings for dyeing. The stan-
dard anodizing solution consists of 15 to 16% by weight sulfuric acid and is operated in
the range between 70 and 75 °F. As the temperature is increased the coating becomes
more porous and improves in its ability to absorb the dye. However, it also loses its
hardness and its luster. As the pore size increases, sealing becomes more diffcult and a
greater amount of dye is bled out in the sealing bath. The ideal temperature, except
where a special effect is desired, is 70°F.

Coatings produced by anodizing in. chromic acid solutions can also be dyed. The
opaque nature of the oxide film produced in this manner has a dulling effect upon the
appearance of the dyed work. Consequently, some dyes, notably the reds which pro-
duce pleasing shades on sulfuric acid anodized metal, are unsuitable for use with the
chromic acid type coating. Lightfastness of this type of dyed film is extremely poor,
possibly because the dye does not penetrate to a sufficient extent. The best chromic acid
coatings for dyeing are produced with a 6% to 10% by weight solution operated at -
120°F. A potential of 40 to 60 volts is used, depending upon alloy, copper, and silicon
bearing materials requiring the lower voltage. The usual time is from 40 to 60 minutes.

DYEING CONDITIONS
The variables in the dyebath are time, temperature, concentration, and pH. Time

428




and temperature are readily controlled in plant practice; however, regulation of concen-
tration presents some difficulties. Fortunately, in the case of most single component
dyes, concentration control is not very critical, a variation of 100% causing little change
in depth of shade. )

The usual dyebath concentration for full shades is two grams per liter, except for
black which requires from six to ten grams per liter. In the case of pastel shades, concen-
trations of considerably less than two grams per liter may be required in order that the
shade does not become too deep.

Control of pH is important and a daily check should be made. The range between
pH 6.0 and 7.0 gives the best results with the majority of dyes. However, a few arc morce
effective at values close to 5.0. Initial adjustments should always be made since it is not
practical for the manufacturer to standardize the dyes with respect to the pH of their
solutions. These adjustments are made by addition of small amounts of acetic acid to
lower the pH value and sodium hydroxide or acetate to raise it. Solutions may be buf-
fered against possible carry-in of sulfuric acid by adding one gram per liter of sodium
acetate and then adding sufficient acetic acid to reduce the pH to the desired value.

SURFACE PREPARATION |

The type of mechanical preparation prior to anodizing gives the metal finisher a
choice of effects. By combining techniques, such as scratch brushing or sandblasting
with buffing and bright-dipping, interesting effects can be achieved.

A chemical or electro-brightening treatment is required where an extremely high
luster is to be obtained. The electro-brightening or electro-polishing treatment is par-
ticularly applicablie to the superpurity aluminum now used extensively in the jewelry and
optical field. Proprietary chemicals for these treatments are available from a number of
suppliers.

Mat finishes may be produced chemically by etching in 5% caustic soda or by treat-
ment with a number of specially prepared etching compounds. )

The beauty of dyed anodized aluminum is further enhanced by color buffing the
work after it is sealed and dried, using-a lime type composition, preferably containing
some wax. In addition to actually polishing the coating, this step removes any traces of
the sealing smut.

Irregular shaped parts, castings, etc. are best finished by brushing with a Tampico
brush or by tumbling with sawdust.

COLORFASTNESS OF THE DYED COATING

Of the many dyes that color anodized aluminum, possibly several hundred, it
should be understood that only a very few possess sufficient inherent resistance to fad-
ing to be considered for applications where exposure to direct sunlight is intended.
Where items of long life expectancy are involved: for example, architectural compo-

nents, even greater selectivity must be imposed, since all organic colorants now known
will exhibit some fading when subjected to sunlight of sufficient intensity and duration.

Also, the parameters of application as well as the colorant are involved in the resistance

to premature loss or change of color. The following additional factors are considered by
most-authorities as affecting the lightfastness of the dyed coating:
1. Coating Thickness and Penetration of the Dyestuff:

Accelerated exposure tests and practical experience both here and abroad verify
than an anodic coating thickness is the order of 20 microns (0.8 mil) and its complete
penetration by the colorant is required for optimum resistance to fading and weath-
ering.

2. Intensity of Shade:

Generally speaking, the greater the amount of dye absorbed, the better its resis-
tance to fading. Also, whatever fading may occur will be less apparent to the observer.
Pastel shades may therefore be expected to exhibit inferior light and weather fastness as
compared to full strength dyeing.
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3. Type and Degree of Sealing:
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Integral colored anodic coatings may be overdyed with. conventional organic dyes

to produce a great variety of interesting shades, a number of which are sufficiently

stable to sunlight and weathering for use in exterior architectural applications.
ELECTROLYTIC COLORING

This method (also referred to as *“The Two-Stage Electrolytic Process’) consists of
conventional anodizing, followed by an alternating current electrolytic treatment in an
acidic solution of the salts of various metals such as tin, nickel, cobalt, copper, and
others. Processes of this type have been used extensively in Japan and Europe and are
now rapidly replacing the Integral Color method here, since they offer the advantage of
relatively low energy consumption and the ability to obtain matching colors without the
limitation of a specific alloy composition.

Although the most commonly produced colors are black and bronze, it is technic-
ally feasible to obtain dull shades of many other colors by varying the composition of
the electrolyte with respect to the metals used.-There arenow in the order of two dozen
proprietary electrolytic coloring processes in existance,most of which require a license
from the patent holder.

As in the case of integral colored anodic coatings, a complete range of durable and
architecturally attractive shades may be achieved by overdyeing the light to medium
electrolytically produced bronze shades with selected fade-resistant organic dyes.

PIGMENTATION BY PRECIPITATION OF INSOLUBLE COMPOUNDS

Before the development of special organic dyes for coloring anodized aluminum,
the precipitation of various insoluble metal compounds within the anodic coating was
used commercially. The treatment consists of alternatively immersing the anodized sur-
face in concentrated solutions of suitable metal salts until a sufficient amount of the
pigment is precipitated to produce the desired color, Although seldom used in today’s
state of the art, a number of these reactions are listed below:

Lead nitrate or acetate with potassium dichromate .. ....... Yellow
Lead nitrate or acetate with potassium permanganate....... Red
Copper sulfate with ammonjum sulfide. . . . .............. Green
Ferric sulfate with potassium ferrocyanide ............... ‘Blue
Cobalt acetate with ammoniumsulfide . .. ............... Black

Ferric oxalates, applied to conventional anodic coatings in the same manner as or-
ganic dyes are, under proper conditions, hydrolized to deposit ferric hydroxide within
the coating pores, imparting a gold to orange color of outstanding resistance to fading.
Special proprietary chemicals are available for this treatment. The deposit of ferric
oxide produced in the above manner may, in addition, be converted to ferric sulfide, the
resultant shade of which is black. Alternatively, a bronze shade may be formed by
reduction of the ferric oxide with pyrogallic acid.

Cobalt acetate reduction, although commercially used in Europe, is not well known
in the U.S.A. It consists of saturating a conventional anodic coating with the cobalt
solution and then reacting this with potassium permanganate to produce a cobalt-man-
ganese dioxide complex. The resultant bronze shade has excellent lightfastness and of-
fers some potential for architectural applications.

“The Surface Treatment and Finishing
of Aluminum and its Alloys”
by: S. Wernick, R. Pinner, and P. G. Sheasby . $222.00

This is the classic work of reference on the subject and should meet the requirements of
designers, engineers, anodizers and others concerned with the finishing of aluminum. The work
is in two volumes and covers every conceivable aspect of aluminum treatment.

Include postage and handling; $3.50 US, Canada & Mexico; $6.00 foreign
(in NJ add 6% Sales Tax) Price subject to change. Paymentin US funds.
METAL FINISHING Tnree University Plaza, Hackensack, NJ 07601 201 / 487-3700

CHROMATE CONVERSION COATINGS
by Fred W. Eppensteiner & Melvin R. Jenkins
Allied-Kelite Div., Witco Corp.

Chr'omate conversion coatings are produced on various metals by chemical or elec-
trochemical treatment with mixtures of hexavalent chromjum and certain other com-
pounds. These treatments convert the metal surface to a superficial layer cont:Lnin a
cpmplex mixture of chromium compounds. The coatings are usually applied by imm%:r-
f]ll?rx:],bz;it}écf)ug}elts?rayigg,h l‘{rusﬁing, swabbing, or electrolytic methods are also used. A

metals and their alloys can : i i :
DT g aner al y be treated: notably, aluminum, cadmium, cop-

The appearance of the chromate film can vary, depending on the formulation of
the batl.\, basis metal and process parameters. The films can be modified from thin
cl§ar-bnght and blue-bright to the thicker, yellow iridescent, to the heaviest brown’
OIIYC drab and black films. A discussion of specific formulations is not included in thi;
a’rt!cle becayssa of the wide variety of solutions used to produce the numerous types of
f}nlshes. Itis mt.ended to present sufficient general information to permit propcrpselec-
tion .a'nd operation of chromating baths. Proprietary products which are designed for
specific applications are available from suppliers. ¢

PROPERTIES AND USES

Physical Characteristics:

Most chromate films are soft and gelatinous when freshly formed i
s!owly h'arden or “‘set’’ with age and become hydrophobic, le};s solublé 2?1?:?12?2 ,atbhr?:
sion resistant. While heating below 150°F (66°C) is of benefit in haszening this agin
process, prolonged heating above 150°F may produce excessive dehydration of n;c filmg
with cozwequent reduction of its protective value. Coating thickness rarely cxceed;
0.00005. , and often is on the order of several microinches. The amount of metal re-
moved in forming the chromate film will vary with different processes.

Variegated colors are normally obtained on chromating, and are due mainly to in-
terfer.ence (;olors of the thinner films and to the presence of chromium compounds in
the film. Since the widest range of treatments available is for zinc coatings for this
metal afford an excellent example of how color varies with film lhick;less. In the case o.l~
elgctroplated zinc, clear-bright and blue-bright coatings are the thinnest. The blue-
brights may §how interference hues ranging from red, purple, blue, green to a trace of
ye}low, especially when viewed against a white background. Next, in order of increasing
thlckness,‘comes .the iridescent yellows, browns, bronzes, olive drabs and blacks.

) ‘Physmal.vanations in the metal surface, such as those produced by polishing, ma-
chining, etching, etc., also affect the apparent color of the coated surface. The col’or of

the thinner coatings on zinc can also be affected indir i ishi
. L ectly by chemical N
ing the finish appear whiter. y oy polishing, mak

Corrosion Prevention:

Chromate. conversion coatings can provide exceptionally good corrosion resis-
tance, c'iepe‘ndmg upon the basis metal, the treatment used and the film thickness
Pr'otect.xon is (_iue both to the corrosion inhibiting effect of hexavalent chromium con:
tained in the_mm and to the physical barrier presented by the film itself. Even scratched
or abraded films retain a great deal of their protective value, since the hexavalent chro-

n;}urr: content is slowly leachable in contact with moisture, providing a self-healing
effect.




