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PROCESS FOR CHROMIUM PLATING

Jesse E. Stareck, Westfield, N.J., Edgar J. Seyb, Jr., and
Andy Albert Johnson, Oak Park, Mich., and William H.
Rowan, San Diego, Calif, assignors to Metal &
Thermit Corporation, Woodbridge, N.J., a corporation
of New Jersey

Filed Aug. 14, 1959, Ser. No. 833,765
10 Claims. (CL 204—51)

The present invention relates to a novel process for
electrodepositing chromium, and more particularly, to a
process for electrodepositing bright crack-free chromium
plate. This application is a continuation-in-part applica-
tion of our patent application Serial No. 695,146, filed
November 7, 1957, now Patent No. 2,916,424,

Chromium is widely used as a decorative and protective
surface finish, Decorative chromium plate. is usually of
too small a thickness, in the order of 0.00001 inch, to be
of substantial value for protecting the basis metal... When
deposited in greater thicknesses, the plate contains a net-
work of hair-like cracks extending through the chromium
to the basis metal, destroying the plate’s protective value.
To coat metals with a corrosion resistant, decorative elec-
trodeposit, copper and/or nickel are deposited on the basis
metal to provide effective corrosion resistance, followed
by deposition of the usual thin decorative chromium
finish. “Thick” deposits of chromium are deposited di-
rectly on the basis metal or over a copper and/or nickel
undercoat to provide fairly effective protection against
corrosion and wear. These “thick” deposits are . usually
in the order of at least 0.002 inch. When chromium is
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electrodeposited to a thickness of between 0.00001 inch

and 0.00002 inch (usually closer to 0.00002 inch), the
deposit cracks, resulting in a crack pattern with many
fine cracks extending through the entire thickness of the
deposit. Chromium subsequently electrodeposited over
#he original cracked deposit “blankets” the cracks and, in
sffect, heals them. This occurs as the overall thickness is
increased up to the order of 0.002 inch or more, which
thickness is necessary to provide fairly effective protection
against corrosion in the absence of a heavy undercoat
serving this purpose. These thick deposits of chromium
are not used for decorative applications. Recently a
process has become available for electrodepositing dull
crack-free chromium in thicknesses greater than 0.00002
inch (see U.S. Patent No. 2,686,756, No. 2,787,588, and
No. 2,787,589).

Chromium deposits in the order of 0.00005 inch, 0.0001
inch and greater, which are bright and crack-free, as
plated, are desirable for providing decorative chromium
plates having good corrosion resistance. It has been found
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that for a given thickness of deposit, e.g., 0.00005 inch, .

0.0001 inch and greater, the corrosion resistance of
crack-free deposits is far superior to the corrosion re-
sistance of deposits having a crack pattern, even includ-
ing those deposits of sufficient thickness that the cracks
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are “healed.” The art has not known how to obtain thick,

bright crack-free chromium deposits and-it appeared that
it would be impossible to obtain them, except as disclosed
in our aforesaid patent application No. 695,146. The
known conditions for obtaining bright decorative de-
posits are, on the whole, the opposite of the conditions
necessary to obtain crack-free deposits. :
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The term “bright” in describing bright crack-free
chromium electrodeposits, as used herein, is limited to
surfaces which have sufficient reflectivity to render a well
defined and recognizable image. The bright range of de-
posits is divided into two subdivisions—deposits referred
to as “mirror-bright” and deposits referred to as “bright.”
The mirror-bright deposits are those which have the reflec-
tivity ordinarily associated with a good mirror. The
bright deposits have a lesser degree of reflectivity than a
good mirror, but sufficient reflectivity to render a well
defined and recognizable image. These bright deposits
are sufficiently bright as plated to be acceptable decorative
finishes. Their degree of brightness may be improved
by a buffing operation to achieve mirror brightness. The
term “bright crack-free chromium” encompasses those de-
posits which are mirror-bright and bright, as defined
herein.

It is an object of the present invention to provide a
process for electroplating bright crack-free chromium
deposits to a thickness of at least 0.00005 inch.

It is another object of the invention to provide a process
for electrodepositing bright chromium. having improved
corrosion resistance.

It is still another object of the invention to provide a
process for plating crack-free chromium surfaces of
mirror-brightness to a thickness of at least 0.00005 inch.

Other objects and advantages will become apparent
from the following description and .drawings.

We have discovered that by controlling the several
variables of the chromium plating process within rela-
tively narrow, well-defined limits, bright crack-free de-
posits of chromium can be obtained in a thickness of at
least 0.00005 inch using a plating bath of chromic acid
and a catalyst mixture of a sulfate ion and at least one
complex ion selected from the class consisting of fluo-
aluminate, fluozirconate, and fluotitanate. Catalyst ions
in relatively high concentrations promote cracking. None-
theless, relatively large concentrations of catalyst ions are
required to obtain bright electrodeposits. The amount of
catalyst ion that may be present in an operative bath is
related to the CrO, concentration. It is specified as the
ratio of the weight of CrOj to the total weight of all the
catalyst jons (herein referred to as Ratio). We have dis-
covered that the range of Ratios within which it is possible
to obtain bright crack-free chromium plating is- between
70:1 to 150:1, dependent upon the CrO; concentration
and the temperature. In conjunction with the close con-
trol of catalyst concentration, we have found that the
temperature must be maintained above 95° F. and be-
low 140° F. With temperatures above about 114° F. and
below 140° F., it is possible to obtain bright crack-free
chromium: electrodeposits utilizing any Ratio between
70:1 and 150:1. As the temperature is lowered, the
tendency to crack increases markedly. To compensate
for this increased tendency to crack at lower plating tem-
peratures, baths having lower catalyst concentrations
must be employed. Baths with very low catalyst con-
centrations, as noted by Ratios as high as 150:1, may be
utilized at temperatures as low as 95° F. As the tem-
perature is raised, the tendency to electrodeposit bright
chromium decreases. Dull deposits are obtained at high
temperatures. The upper temperature limit for obtain-

" ing bright chromium. operative over most of the range
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of CrO; concentrations is 140° F. The temperature and
Ratios at which bright crack-free chromium may be ob-
tained are also related to the CrOj; concentration of the

.. bath. Baths containing from about 100 g./L to .about
© 500 g./1. are utilized. The tendency for the electro-
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deposition of chromium in a less bright condition in-
creases as the CrO; concentration is increased. It is
difficult to obtain mirror-bright deposits with baths having
CrQ; concentrations in the high portion of the range.
Such baths may be utilized at lower temperatures.
Baths with CrOjy concentrations in the lower portion of
the range yield mirror-bright deposits. The larger por-
tion of the CrO; concentration range may be utilized at
all temperatures above 114° F. and below 140° F. The
overall relationship of temperature, CrO; concentration,
and Ratio is defined by the area enclosed by the -curves
in Figure 1. The catalyst is a mixture of sulfate ions
and complex fluoride ions. Of the total catalyst present,
a minimum of 5% is sulfate and preferably at least 15%
should be sulfate; the optimum baths contain at least 20%
sulfate. The sulfate should not be more than 85% of the
total catalyst and preferably mot more than 70%; the
optimum: baths contain less than 55% sulfate.

As shown in Figure 1, bright crack-free chromium can
be electrodeposited at temperatures between 95° F. and
114° F., by utilizing a high Ratio. At 105° F., a Ratio
of about 100:1 is the limiting Ratio, whereas the limit-
ing Ratio at 95° F. is 150:1. For baths utilizing Ratios
between those illustrated in the graphs, the limiting Ratios
and temperatures may be found by interpolation from
the plotted data. For greater clarity the overall curves
of Figure 1 are illustrated separately in Figures 2, 3
and 4. The conditions under which bright crack-free
chromium can be electroplated at a Ratio of 70:1 are de-
lineated in Figure 2; at 100:1 in Figure 3; and at 150:1
in Figure 4.

Many combinations of the three variables result in
electrodeposits of bright crack-free chromium appreci-
ably thicker than 0.00005 inch. These thicknesses may
often be in the order of 0.0001 inch to 0.0002 inch, and
in some cases as thick as .001 inch or more. As a gen-
eral rule, for a given set of conditions, as the deposits
get thicker, there is an increased tendency to crack and/or
to obtain deposits of decreasing brightness. The shaded
area located approximately in the upper central portion
of each of the curves in Figures 2-4 define the
limited conditions under which it is possible to electro-
deposit bright crack-free chromium fo a thickness of
at least 0.0001 inch. As illustrated, at lower Ratios
the area shifts to higher temperatures and decreases in
size.

Electrodeposition of bright crack-free chromium be-
tween the temperatures of 105° F. and 135° F. is pre-
ferred. Within this range of temperatures, it is pre-
ferred to utilize CrO; concentrations between about 150
g./1. and about 450 g./1. and a Ratio between about 80:1
to 130:1. The relationship between these three variables
must also fall within the areas defined by the curves in
Figure 1.

Especially preferred conditions for electrodepositing
bright crack-free chromium are those obtained within the
rectangular area JKLM, at Ratios between about 85:1
and 120:1 utilizing baths having a CrO, concentration
between about 200 g./1. and 350 g./L. and plating at tem-
peratures between about 118° F. and 130° F.

Although it is possible by accurate analytical control,
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or by the use of self-regulating bath compositions, to con- -

trol the Ratio within close limits during the plating proc-
ess, it is recognized that many installations may not be
able to maintain the desired close control for lesser or
longer periods of time. When the temperature and CrO;
concentration are maintained within the area defined by
the closed curve ABHI in Figure 1, it is possible to de-
posit bright crack-free chromium at all Ratios between
70:1 and 150:1.

Chloride ion in the bath promotes the formation of
cracks. Baths containing more than about 0.05 g./1. of
chloride ion cannot be used to electrodeposit bright crack-
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free chromium to a thickness of 0.00005 inch. Less than 75
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this amount may be tolerated when electrodeposition is
carried out, for a given temperature and CrO; concentra-
tion, at a Ratio selected from the high end of those allow-
able under the conditions specified. If it is desired to
operate at a low Ratio Chigh catalyst ion content)
selected from the allowable range, it is necessary to com-
pensate for the presence of chloride by subtracting from
the allowable catalyst ion content about fourteen times the
amount of chloride ion present. When less than 0.005
g./1. of chloride is present, it may be ignored. Tt is pref-
erable to operate with baths containing not more than
0.02 g./1. of chloride ion.

Chromium plating baths are frequently designated as
chromic acid baths. Herein the chromic acid content of
the bath is referred to as CrO, (more accurately desig-
nated “chromic anhydride”). The bath may be made
up by supplying CrO; in the form of cihromic anhydride
or in the form of compounds containing cations which
do not adversely affect the bath characteristics. Such
compounds include the chromates, dichromates, and poly-
chromates of potassium, sodium, magnesium and calcium.
The CrO; may also be added in the form of chromic acid
and/or dichromic acid in solution. Where alkali metal
cations are present the bath should not be neutralized in
excess of 80% to the dichromate end point,

Sulfite ions may be added in the form of sulfuric acid,

or as sulfate salt(s) with a cation that does not adversely

affect bath characteristics, such as potassium, sodium,
calcium, strontium, magnesium, chromium, etc. The
fluoaluminate, fluotitanate, and fluozirconate anions may
be added to the bath as salts, associated with such cations
as sodium, potassium, calcium, strontium, ammonium,
barium, etc. They may be formed in situ by the intro-
duction into a chromic acid bath of elements and/or com-
pounds which in the bath environment react to form the
desired catalyst ion.

By utilizing the principles disclosed in U.S. Patent Nos.
2,640,021 and 2,640,022, it has been possible to develop
baths having extremely stable and even sclf-regulating

characteristics using these novel complex fluoride catalysts !
in conjunction with a sulfate catalyst. In each case, the .

baths must be carefully tailored to give the desired result,
taking into consideration the effects of many factors and
interrelation of these factors on the chromium plating

process. Thus, when a bath having both sulfate ion and -

a complex fluoride ion catalyst is desired, it is not possible
to supply the complex fluoride in the form of its barium
salt. If this were done, the barium would either partially
or totally precipitate out the sulfate.

Bright crack-free electrodeposits are obtained under
the conditions of this invention using suitable current
densities. The current densities vary between 0.5 as.i.
(amperes per square inch) and 6 asi, depending pri-
marily on the plating temperature. These current densi-
ties are conventional and are described in “Chromium
Plating” by Morrisset et al., published by Robert Draper
Ltd., 1954, pages 351-363 and particularly page 354,

For the purpose of giving those skilled in the art a
better understanding of the invention, the following il-
lustrative examples are given.

A standard Hull Cell was used to determine the thick-
ness to which bright chromium.plate can be electrode-
posited without cracking. The cell is a box with an anode
perpendicular to the sides and an inclined cathode. The

current density on the cathode varies inversely with the

distance from the near end where the current density is
highest and the electrodeposit is thickest. The chromium
plated cathode was examined for cracks and for bright-
ness, and a thickness measurement made at the region
where the crack pattern begins and/or where the plate is
no longer bright. Bright crack-free chromium was elec-
trodeposited from all the baths listed below (defined by
their CrOs, sulfate ion and complex fluoride ion concen-
trations) at the specified conditions to the thickness, in
all cases, of at least 0.00005 inch,
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Ex- CrQs, 804, Second | Second Total Temp.,
ample gl g/l Catalyst | Catalyst,| Catalyst °F.
No. g/l
150 0.33 AlFg 0.81 114 133
195 0.41 Al 2.27 2. 68 120
250 0. 80 AlFg 2.05 2.85 120
290 0. 86 AlFg 2,31 3.17 120
300 1.06 AlFg 1.50 2.55 110
335 0.82 AlFg 2. 24 3.06 120
342 0.92 AlFg 1.42 2.34 120
450 0.98 AlF, 2.36 3.34 105
150 0.33 TiFg 0.85 1.18 128
300 0. 68 TiFg 177 2.45 09
300 1.05 TiFg 1.50 2.56 120
300 1.05 TiFg 1. 50 2. 55 130
450 103 TiFs 2.70 3.73 106
150 0.37 ZrFs 0.94 1.31 111
300 0.68 ZrFy 161 2.59 99
300 1.06 ZrFg 150 2.55 110
300 1.05 ZrEFg 1. 50 2.55 120
300 1.05 ZrFe 1. 50 2. 85 130
450 0.98 ZrFs 2.88 3.86 106

The fluoaluminate was added as the sodium salt; the
fluotitanate as the potassium salt (hydrated); and the
fluozirconate as the potassium salt.

‘We have discovered that other materials which may be
found in the bath affect the ability to plate bright crack-
free chromium. Certain materials which tend to pro-
mote cracking must be kept out of the baths or restricted
to extremely low levels. Chlorides are such materials,
as noted hereinbefore. Certain materials leached from
ion exchange resins tend to promote cracking. Some of
these materials may be found in the salts used to make
up the bath. Care must also be exercised to avoid their
introduction during operation, especially if bath purifi-
cation is to be attempted utilizing basic ion exchdnge
resins. Other materials tend to widen the conditions
under which it is possible to plate bright crack-free chro-
mium, or under given conditions result in the ability to
plate a greater thickness of bright crack-free chromium.
Such favorable materials are exemplified by the cations
sodium, calcium and potassium.

Articles made of any of a variety of basis metals, such
as plain carbon steels, alloy steels including stainless
steel, iron, copper and copper alloys, nickel and nickel
alloys, zinc and zinc alloys, etc., may be plated with
bright crack-free chromium. In general, the basis metal
may be any metal, or an undercoat on a metal, that can
be chromium plated.

The basis metal does affect the thickness of chromium
which may be plated bright and crack-free to a certain
extent. This is illustrated by the slightly greater thick-
ness of bright crack-free chromium which can be de-
posited directly on steel than can be deposited directly
on copper under the same process and bath conditions.
The greater thickness attainable under the same condi-
tions on the steel is attributed to the greater hardness of
the basis metal and the support it is thus able to give the
electrodeposit.

As many embodiments of this invention may be made
without departing from the spirit and scope thereof, it is
to be understood that the invention includes all such
modifications and variations as come within the scope of
the appended claims.

We claim:

1. A process for electrodepositing bright crack-free
chromium to a thickness of at least 0.00005 inch on a
metal cathode comprising passing current from an anode
to said cathode immersed in an aqueous chromium plat-
ing bath at a temperature between 95° F. and 140° F.,
said bath containing less than 0.05 g./1. of chloride ion and
comprising essentially between 100 g./1. and 500 g./1 of
CrOs, a total catalyst ion concentration of sulfate ions
and at least one complex ion selected from the class
consisting of fluoaluminate, fluozirconate, and fluotitan-
ate, to achieve a Ratio of CrO; concentration to total
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6
catalyst jon concentration between 70:1 and 150:1, the
sulfate jon content being between 5% and 85% of the
total catalyst concentration, the CrO; concentration,
Ratio and temperature having = relationship defined by
the area enclosed by the curve ABCDE in Figure 1.

2. A process for electrodepositing bright crack-free
chromium to a thickness of at least 0.00005 inch on a
metal cathode comprising passing current from an anode
to said cathode immersed in an aqueous chromium plat-
ing bath at a temperature between 105° F. and 135° F.,,
said bath containing less than 0.02 g./1. of chloride ion
and comprising essentially between 150 g./1. and 450
g/1. of Cr0;, a total catalyst ion concentration of sulfate
and at least one complex ion selected from the class
consisting of fluocaluminate, fluozirconate, and fluotitanate
to achieve a Ratio of CrO; concentration to total catalyst
ion concentration between 80:1 and 135:1, the sulfate
ion content being between 15% and 70% of the total
catalyst concentration, the relationship between the CrO,
concentration, the Ratio and the temperature being with-
in that defined by the area enclosed by the curve
ABCDE in Figure 1.

3. A process for electrodepositing bright crack-free
chromium to a thickness of at least 0.00005 inch on a
metal cathode comprising passing current from an anode
to said cathode immersed in an aqueous chromium plat-
ing bath at a temperature between 118° F. and 130° F,,
said bath containing less than 0.02 g./l. of chloride ion
and comprising essentially between 200 g./1. and 350 g./1.
of CrOj, a total catalyst ion concentration of sulfate
and at least one complex ion selected from the class
consisting of fluoaluminate, fluozirconate, and fluotitanate,
to achieve a Ratio of CrO; concentration to total catalyst
ion concentration between 85:1 and 120:1, the sulfate
ion content being between 20% and 55% of the total
catalyst concentration, the CrO; concentration, Ratio and
temperature having a relationship defined by the area
JKIM of Figure 1.

4. A process for electrodepositing bright crack-free
chromium to a thickness of at least 0.00005 inch on a
metal cathode comprising passing current from an anode
to said cathode immersed in an aqueous chromium plat-
ing bath at a temperature between 114° F. and 140° F,,
said bath containing less than 0.02 g./1. of chloride ion
and comprising essentially between 100 g./1. and 450
g./1. of CrO;, a total catalyst ion concentration of sul-
fate and at least one complex ion selected from the
class consisting of fluoaluminate, fluozirconate, and fluo-
titanate, to achieve a Ratio of CrO; concentration to
total catalyst ion concentration between 70:1 and 150:1,
the sulfate ion content being between 5% and 85% of
the total catalyst concentration, the CrO; concentration,
Ratio and temperature having a relationship defined by
the area enclosed by the curve ABHI in Figure 1.

5. The process of claim 1 in which the complex ion
is a fluoaluminate ion.

6. The process of claim 1 in which the complex ion
is a fluozirconate ion.

7. The process of claim 1 in which the complex ion
is a fluotitanate ion.

8. The process of claim 2 in which the complex ion
is a fluoaluminate ion.

9. The process of claim 2 in which the complex ion
is a fluozirconate ion.

10. The process of claim 2 in which the complex ion
is a fluotitanate ion. :
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