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This invention relates to an improved method
of coloring magnesium and magnesium-base
alloy articles and more particularly to the color-
ing of magnesium and magnesium-base alloy
articles which have been subjected first to electro-
chemical treatment.

Magnesium and magnesium-base alloys must
be given protective coatings to permit their wide-
spread use. These coatings must afford protec-
tion against corrosion, abrasion and fire. As is
known in the art a protective ecating can be
applied to magnesium and magnesium-base
alloys by electrochemical processes wherein the

articles made of such metals are anodically

treated in an electrolytic cell containing a suit-
able electrolyte and with the articles serving as
the anode.

It is an object of this invention to treat such
protective coatings for decorative effect.

Another object of this invention is to provide
a method of coloring magnesium and magne-
sium-base alloy articles which effects a uni-
formity of coverage of the articles treated and in
which the coating produced is particularized by
its high resistance to fading and by its sealing
=ffects.

A further object of the invention is to provide
an improved method of coloring electrolytically
treated magnesium utilizing a mordant bath

which effects permanent retention and adherence s

of the dye.

A still further object of the invention is to pro-
vide an improved method of coloring magnesium
or magnesium-base alloy articles wherein after
the article has been subjzcted to electrolytic
treatment it is dipped in an improved type of
mordant bath before being dipped in the dye
bath.

Other objects and features of this invention
will be readily apparent to those skilled in the art
from the following specification.

In carrying out the present invention the arti-
cles formed of magnesium or magnesium-base
alloys which are to be colored are subject to
anodic treatment in an electrolytic cell, using as
an electrolyte a solution of a silicate and a caustic
to which may be added a guantity of an organie
compound such as phenol. The articles to be
coated serve as the anode. Alternating current
preferably of 60 cycles and of a density of 20 to 30
amperes per sqg. it., or direct current of a density
of 10 to 20 amperes, is passed through the elec-
trolyte for a period of 10 to 30 minutes. This
treatment effects a hydrated oxide protective
coating which it has heen found is highly resist~
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ant to corrosion gnd abrasion and further is
highly compatible with paint.

After the protective coating has been formed
on the magnesium or magnesium-base alloy sur-
face the coated metal is treated according to the
present invention to produce a desired color
thereon. After removal from the electrolytic
cell the articles being processed are immersed in
a mordant bath containing an aqueous solution
of two water-soluble salts of acetic acid of which
one is ammonium acetate and the other a metal-
lic salt. The salts of acetic acid which are best
adapted for use in the present invention with the
salt, ammonium acetate, aré the metallic salts,
aluminum acetate, lithium acetate, zirconium
acetate, strontium acefate and barium acetate.
In general, a satisfactory mordant bath will com-
prise a concentration of from ahout .1% to about
4% of the ammonium acetate and from about
.1% to about .6% of one of the metallic acetic acid
salts named immediately above.

Ths ammonium acetate acts as a stabilizing
agent and serves to hold the metallic acetic acid
salt used with it in solution by providing a com-
mon ion-acetate to discourage decomposition of
the salt and precipitation of the metal as an
oxide in the mordant hath. The ammonium ace-
tate has & neutral action on the anodic protective
coating provided on the metal surface and will
not injure it, and it further acts as a buffer or
stabilizer to stabilize the pH of the mordant bath.

After the article has been dipped in the mor-
dant solution and removed therefrom the surface
thereof will retain a film of the metallic acetate.
The acetate ion thereof then reacts with the
hydrated magnesium oxide finish freeing the
metallic ion and allowing it to hydrolyze into a
hydrated metallic oxide on the surface of the
anodized magnesium article. The hydrated
metallic oxide deposited is in the form of a gel
and will be retained by the pores in the anodized
coating. This provision of a highly hydrolyzed

. metallic oxide on the anodized article has a seal-
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ing effect though it probably does not fully seal
the anocdized surface but does to a sufficient de-
gree as to be beneficial. The mordant bath is
held at a temperature of from 180° ¥. to 190° F.,
and the magnesium article is held immersed for
about one minute. Maintaining the temperature
of the bath at the relatively high temperatures
named is primarily for the purpose of reducing
the length of time that it is necessary to keep
the article being processed immersed and further
to preheat the article whereby when it is removed
from the mordant bath there will be sufficient
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heat absorbed by the article to effect a quick
evaporation of most of the water film and a
neutralization of the acetate ions, thus leaving
the metal of the acetic salt as a hydrolyzed oxide
on the surface of the article where it serves as a
mordant, It has been found that -the time of
immersion in the mordant bath should not ex-
ceed much more than one minute or a stripping
action will occur which may break through the
anodized coating at sharp edges.

From the mordant bath the article-is taken to
a dye bath. It is to be noted that the article is
moved after a brief pause to allew-partial drying
of the mordant treated surface, directly to the
dye bath from the mordant bath, there is no
water rinse for to so treat the article would wash
away metallic ions before they had an oppor-
tunity to hydrolyze. The dye bath used in the
present invention employs water-soluble organic
dyes which should preferably be either an acid or
.a chrome type dye, such as azo dyes or azo dyes
containing chromium. The following are ex-
amples of dyes that may be used:

Calco Yellow AN

Calco Orange AN

Calco Red SCN

Calco Green AN

Calco Blue AN

Alizarine Yellow R

Alizarine Cyanine Green G Extra New

Alizarine Blue SAE

Alizarine Blue Black (BA Exfra 1 gr/1 Chrome
Yellow Extra Conc.) o B

Neolan Orange G

Neolan Bordeaux R

‘Neolan Blue 2G (Conc.)

Neolan Black WA Ex. High Conc.

Tartrazine

Diamond Red BHA -Extr. Conec.

Anthraquinone Blue BN

The pH value of the dye bath, usually ranging
from 5.0 to 8.5 depending on the dye used, will
be stabilized by contaminations carried over from

the mordant hath. The concentration of the dyes ¢

in the aqueous bath is from about 1 gram to
about 5 grams per liter, and in general about 2
grams per liter is most suitable. Bath tempera-
tures of frem about 65° C. to 80° C. are satisfac-

tory. The parts are immersed from one to two *

minutes if pastel shades are desired and ifrom
three to ten minutes for the darker shades, de-
pending on the dye used. On immersion of the
moerdant treated anodized article into the dye
bath a reaction occurs between the hydrated me-
tallic oxide .and the dys to form insoluble color
lakes. These cclor lakes fixed upon the processed
article impart to it a permanent color.

Imparting a color to magnesium or magne-
sium-base alloys in the manner above described
effects a greater gepth of eolor than by other
methods known, The final coating is uniform
and very highly resistant to fading in sunlight,
and furthermore at least 2 partial sealing of the
ancdic coating is effected.

“The following example illustrates the method
of ‘coloring of articles made of magnesium or
--1"1aﬂae51um-base alloys according to the present
-invention.

Example

Panels made of magnesium and magnesium-
base-alloys were first subjected to an anodic oxi-
-dation t1eatr_nent For this an electrolyte was
-used consisting of an aqueous solution of a caus-
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tic base and a soluble silicate to which was added
an organic compound. The composition of this
bath may vary as follows:

By weight
Sodium hydroxide_ - 23 to 269%
Phenol e 2 to 3%
Sodium silicates (water glass) ... 25 to 3.5%

The temperature of the electrolyte was main-
tained at 180° F. With the magnesium articles
serving as the anode, direct current of a density
of 15 amperes per sq. ft. was passed through the
electrolyte for a period of 20 minutes.

The anodic coating formed on articles sub-
jected to treatment as above is corrosion and
abrasion resistant and comprised a hard, dense
coatmv of hydrated magnesium oxide.

The anodized panels were then transferred to
the mordant bath, an aquecus solution having
therein:

Grams per liter
5% of aluminum acetate_-_____.__ [ ;
.39% of ammonium acetate

This mordant bath was held at a temperature
of between 180° to 190° F. -Affer immersion for
about one minute the panels were removed and
after a brief pause tc allow for drainage and par-
tial drying, they were directly transferred to the
dye bath.

The dye bath was comprised of an agueous-so-
lution of 2% anthraguinone Blue BN. The tem-
perature of the bath was 75° C. and the panels
were held in this dye bath for about 3 minutes.
This resulted in the articles being dyed.a royal
blue.

The foregeing example has been by way of
{llustration only and it is understood that it is
not tc e construed as limiting the invention.

Utilizing the method above described coatings

‘having practically any desired shade of color are

cbtainable. The coatings provided are homog-
enous and uniform and afford a very high degree
of protection against mechanical abrasion and
corrosion.

Having particularly described and pointed out
my - invention, I claim:

1. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises briefly immersing the electrolytically coat-

‘ed article in a heated mordant bath cons1st1ng of

an aqueous solution of a water- soluble metallic
salt of acetic acid, in a proportion hetween 1
gram and about 6 grams per liter, and a stahiliz-
ing agent, in a proportion between 1 gram and
about 4 grams per liter for preventing the de-
composition of said water-soluble metallic salt
of acetic acid, removing the article from the
mordant bath, permitting it to partially dry,
and next immersing the article in an aque-
ous solution of a lake-forming dye.

2. A process of colormg electrolytically pro-
duced hydrated oxide coatings cn articles of mag-
nesium and magnesium-base alloys, which com-~
prises immersing the electlolymcally coated ar-
ticle for a brief period of time in a heated mor-
dant bath consisting of an agueous solution of
aluminum acetate, in a proportlon between 1
gram and about 6 grams per liter, and a stabiliz-
ing agent, in a proportion between 1 gram and
about 4 grams per liter, for preventing the de-
composition of said aluminum acetate, removing
the article from the mordant bath, p\,rmlttmg it
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to partially dry, and next immersing the article
in an aqueous solution of a lake-forming dye.

3. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag-

nesium and magnesium-base alloys, which com- &

prises immersing the electrolytically coated ar-
ticles for about one minute in a heated mordant
bath consisting of an aqueous solution of ammo-
nium acetate, in a proportion between 1 gram and

about 4 grams per liter, and a water-soluble me-

tallic salt of acetic acid, in a proportion between
1 gram and about 6 grams per liter, removing the
article from the mordant bath, permitting it to
partially dry, and next immersing the article in
an aqueous solution of a lake-forming dye..

4. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytlcally coated ar-

ticle for about one minute in g heated mordant®

bath consisting of an agueous solution of ammo-
nium acetate in a proportion between about I
gram and about 4 grams per liter and aluminum
acetate in the proportion between about 1 gram

and about 6 grams per liter, removing the article-

from the mordant bath; permitting it to par-
tially dry, and next-immersing the article in an
aqueous solution of a water—soluble lake-forming
dye.

5. A process of colonng electrolytically pro-'

duced hydrated oxide coatings cn articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for about one minute in an agueous solution

‘'of ammonium acetate in a proportion between:

about 1 gram and about 4 grams per liter and
aluminum acetate in a proportion of between
about 1 gram and about 6 grams per liter, at a
temperature between 180° to 190° F., removing
the article from the agqueous solution, permlttmg
it to partially dry, and next immersing the article
in an agueous solution of an azo dye containing
chromium.

6. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag~
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for a brief period of time in a heated mor-
dant bath consisting of an agqueous solution con-
taining sbout 3 grams per liter of ammonium
acetate and about 5 grams per liter of aluminum
acetate, removing the article from the mordant
bath, permitting it fo partially dry, and next im-
mersing the article in an agueous solution of a
water-soluble dye.

7. A process of coloring electrolyncally pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for about one minute in an aqueous solution
of ammonium acetate, in a proportion between
1 gram and about 4 grams per liter, and a water-
soluble metallic salt of acetic acid in a propor-
tion between 1 gram and about 6 grams per liter,
at a temperature between 180° to 190° F., remov-
ing the article from the aqueous. solution, permit-
ting it to partially. dry, and next immersing the

article in an aqueous solution of a water-soluble
dye.

8. A process of colormg electrolytically pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for about one minute in an agueous solution

containing about 3 grams per liter of ammonium .
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“acetate and about 5 grams per liter of aluminum

acetate, at a temperature between 180° to 190° P
removing the article from the aqueous solution,
permitting it to partially dry, and next immersing
the article in an aqueous solution of an organic
acid type dye.

9. A method of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag-

‘nesium and magnesium-base alloys, comprising

immersing the electrolytically coated article
for about one minute in a mordant bath heated
to a temperature of between 180° to 18g° F., and

‘consisting of an aqueous solution containing

about 3 grams per liter of ammonium acetate and
about 5 grams per liter of aluminum scetate
whereby a film is provided upon the surface of
the article which reacts with the hydrated oxide

- coating to deposit hydrated aluminum oxide, re-

moving: the article from the mordant bath, per-
mitting it to partially dry, and next immersing
the article in an aqueous solution of an organic
acid type dye, which dye is adapted to react with
the hydrated aluminum oxide to form an insolu-
ble color lake.

10. A method of producing a colored corrosion
and abrasion resistant coating upon articles
formed of magnesium and magnesium-base
alloys, ‘consisting of electrolytically treating the
article to be coated in an electrolyte composed of
an aqueous soldtion of sodium hydroxide, 22 to
25% by weight, sodium silicate, 2.5 to 3.5% by
weight and phenol .2.t0 .3% by weight, briefly
immersing the electrolytically coated article in a
heated mordant bath comprising an aqueous so-
lution -of ammonium acetate, in a proportion be-
tween 1 gram and about 4 grams per liter, and

" water-soluble metallic salt of acetic acid, in a

2 40
“mersing the article in an agueous solution of a
‘water~soluble dye.

propoftion between 1 gram and about 6 grams
per liter, removing the article from the mordant
bath, permitting it to partially dry, and next im-

11. A method of producmg a colored corresicn

and abrasion resistant coating upon articles
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formed of magnesium and magnesium-base
alloys, consisting of electrclytically treating the
article to be coated in an electrolyte composed of
sodium hydroxide, 22 to 25% by weight, scdium
silicate, 2.5 to 3.5% by weight and phenol, .2 to
3% by weight, immersing the electrolytically
coated article for about one minute in a mordant
bath heated to a temperature of between 130° to
180° F.; and compriisng an aqueous sclution of
ammonium acetate in a proportion between ahous
1 gram and-about 4 grams per liter and water-
soluble metallic salt of acetic acid taken from the
group consisting of aluminum acetate, lithium
acetate, zirconium acetate, strontium acetate and
barium.acetate, in a proportion between 1 gram
and about 6 grams per liter, removing the articie
from the mordant bath, permitting it to partially
dry, and next immersing the article in an aque-

"ous solution of a lake-forming dye.

12. A method of preducing 4 colored corrosion
and abrasion resistant coating wupon articles

-formed of magnesium and magnesium-base al-

loys, consisting of electrolytically treating the
article to be coated in an electrolyte composed of

-an aqueous solution of sodium hydroxide, 22 o

25% by weight, sodium silicate, 2.5 to 3.5% hy
weight and phenol, .2 to 3% by weight, im-
mersing the electrolytically coated article for
about one minute in a heated mordant bath com-
prising an aqueous solution containing about 3
grams per liter of ammonjum acefate and abous 5




2,538,831

7

-grams per -liter -of - aluminum -acetate, -removing
the article from the -mordant bath, ‘permitting

it to partially dry, and next treating the articls
in an aqueous solution of a water-soluble dye.

13. A method of producing a colored corrosion -

and abrasion resistant coating upon articles
formed of magnesium and magnesium-base al-
loys, consisting successively of electrolytically
treating the article to be coated in an electro-
lyte comrosed of an aqueous sclution of sodium
hydroxide, 22 to 25% -by weight, sodium silicate,
2.5 to 3.5% by weight and phenol, .2 to 3% by
weight, immersing the electrolytically coated ar-
ticle for about one minute in a mordant bath
comprising an aqueous solution of -about 3 grams
per liter of ammonium acetate and about 5 grams
per liter of aluminum acetate, at a temperature
between 180° to 190° F., removing the article from
the mordant bath, permitting it to partially dry,
and next immersing the article in an aqueous
solution of an organic acid type water-soluble
dye.

14. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of
magnesium and magnesium-base alloys, which
comprises immersing the electrolytically coated
article for about one minute in an agueous solu-~
tion of ammonium acetate in a proportion be-
tween about 1 gram and about 4 grams per liter
and aluminum acetate in a proportion of be-
tween about 1 gram and about 6 grams per liter,
at a temperature between 180° to 190° F., re-
moving the article from the aguecus solution, per-
mitting it to partially dry, and nexi immersing
the article in an agueous solution of an azo dye
containing chromium, the dye concentration be-
ing between about 1 gram and 5 grams per liter.

15. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles.of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for about one minute in a mordant bath
consisting of an agueous solution containing
about 3 grams per liter of ammonium acetate
and about 5 grams per liter of aluminum acetate,
at a temperature between 180° to 190° F., re-
moving the article from the mordant bath, per-
mitting it to partially dry, and next immersing
the article in an aqueous solution containing
about 2 grams per liter of a water-soluble dye.

16. A process of coioring electrolytically -pro-
duced hydrated oxide coatings on articles of
magnesium and magnesium-base ailoys, which
comprises immersing the electrolytically coated
article for about one minute in an agueous solu-
tion of ammonium acetate in a proportion be-
tween about 1 gram and about 4 grams per liter
and aluminum acetate in a proportion of be-
tween about 1 gram and about 6 grams per liter,
at a temperature between 180° to 180° F., remov-
ing the article from the aqueous solution, per-
mitting it to partially dry, and next immersing
the article in an aqueous solution containing an
organic acid type dye in a proportion between
about 1 gram and 5 grams per liter, the solution
being maintained at a temperature between about
65° C. and about 80° C. . : C

17. A process of coloring electrolytically. pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrelytically coated ar-
ticle for about one minute in an aqueous solu-
tion containing about 3 grams per lifer of am-
monium acetate and about 5 grams per liter of
aluminum acetate, at a temperature between
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180° -to -190° :F., -removing the article .from the
aqueous solution, permitting it to partially dry,
and next immersing the article in an aqueous
solution containing .an organic acid type dye in
a-proportion between about 1 gram and 5 grams
per liter, the solution being maintained at a
gemperature bhetween about 65° C. and aboub
0° C.

18. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of
magnesium and magnesium-base alloys, which
comprises immersing the electrolytically coated
article for a short period of time in .a heated
mordant bath consisting of an agueous solution
of a waterssoluble metallic salt of acetic acid
taken from a .group consisting of -aluminum
acetate, lithium acetate, zirconium acetate,
strontium acetate, and barium acetate, in a pro-
portion of between 1 gram and about 6 grams per
liter, and a stabilizing agent for preventing the
decomposition of said water soluble metallic salt
of acetic acid, in a proportion’of between 1 gram
and about 4 grams per liter, removing the ar-
ticle from the mordant bath and permitting it to
partially dry, and next immersing the.article in
an aqueous solution of a lake-forming dye.

19. A process of ‘coloring -electrolytically rpro-
duced hydrated oxide coatings cn articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing -the -electrolytically -ceated ar-
ticle for apout one minute in a heated mordant
bath and consisting of an agueous solution of a
water-soluble metallic salt -of .acetic acid taken
from s group consisting of aluminum acetate,
lithium acetate, zirconium acetate, strontium
acetate, and barium acetate, in a .proportion-of
between 1 gram and about 6 grams per liter, and

-ammonium acetate in a proportion of between 1

gram and about 4 grams per liter, removing the
article from the mordant bath and permitting
it to partially dry, and next immersing the article
in an aqueous solution of a lake-forming dye.
20. A process of coloring electrclytically pro-
duced hydrated oxide coatings on articles of
magnesium and magnesium-base alloys, which
comprises immersing the electrclytically coated
article for about one minute in a mordéant bath
heated to a temperature of between 180° to 190°
F., and consisting of an agueous solution of about
5 grams per liter of a water-soluble metallic salb
of acetic acid taken from a group consisting of
aluminum acetate, lithium acetate, zirconium
acetate, strontium acetate, and barium acetate,
and about 3 grams per liter of ammonium acetate,
removing the article from the mordant bath and
permitting it to partially dry, and next Immers-

ing the article in an aqueous solution of a lake-

forming dye.

21. A process of coloring electrolytically pro-
duced hydrated oxide coatings on articles of mag-
nesium and magnesium-base alloys, which com-
prises immersing the electrolytically coated ar-
ticle for about a minute in a mordant bath heated

40 a temperature of between 180° to 180° F., and

consisting of an agueous solution of about 5
grams per liter of a water soluble metallie salt of

acetic acid taken from a group consisting of

aluminum .acetate, lithium acetate, zirconium
acetate, strontium acetate, and barium acetaie,
and about 3 grams per liter of ammonium acetlate,
removing the article from the mordant bath and
permitting it to partially dry, and nexi im-
mersing the article in an agueous sclution con-
taining an organic acid type dye in a proporiion
between about 1 gram and 5 grams per liter, the
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solution being maintained at a temperature he-
tween about 65° C. and 80° C.
PAUL R. CUTTER.
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