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[57] ABSTRACT

A bright gold electroplating bath comprising: an aque-
ous solution of an alkali metal gold cyanide; as an al-
loying agent, cobalt or nickel, in the form of a com-
plex with at least aminoguanidine and a chelating
phosphonic acid; and as conducting and buffering
agents, one or more bath soluble phosphates.

10 Claims, No Drawings
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BRIGHT GOLD ELECTROPLATING BATH AND
METHOD OF ELECTROPLATING BRIGHT GOLD

This application is a continuation-in-part of our co-
pending application, Ser. No. 176,263, filed Aug. 20,
1971, and now abandoned for “GOLD AND GOLD
ALLOYS ELECTROPLATING BATH,” which appli-
cation is assigned to the same assignee as is the instant
application.

BACKGROUND OF THE INVENTION

This invention relates generally to electroplating
compositions and methodology, and more specifically
relates to compositions and methods useful in the elec-
troplating of bright gold.

Within recent years an increasing demand for high
quality bright gold plating, e.g. for decorative and elec-
tronic applications, has prompted considerable indus-
trial activity directed toward development of electro-
plating baths useful for such purposes. Significant con-
tributions to the art of electroplating bright gold alloys
are. thus, for example, disclosed in U.S. Pat. Nos.
2,812,200 and 2,905,601. The first of these patents to
F. Volk, discloses a phosphate-based bath operating in
the substantially neutral pH range of 6.5 to 7.5. The al-
loying metal or metals in this bath are introduced into
the composition in the form of double cyanides, such
as sodium copper cyanide or potassium nickel cyanide.
The said baths, which produce bright, aesthetically
pleasing deposits, have been of significant value, partic-
ularly in countries such as Switzerland and Germany,
where the production of thick, low carat, gold deposits
in the 5 to 20 micron range, are much in demand, espe-
cially for the watch industry; and the baths are still
widely used today for such applications. A principal
disadvantage, however, of such baths are their require-
ment for relatively high plating temperatures (60° to
75°C) and their rather short life. In the latter respect it
may be observed that such baths require changing upon
the initial gold content being turned over four or five
times.

Yet, a further disadvantage of these conventional
phosphate-based baths is a tendency thereof to pro-
duce pitting in the resulting plating. Although the rea-
son for this is not completely understood, it is hypothe-
sized that undesirably high surface tension effects bub-
bling, and so forth, during the deposition process,
which may induce the specified defects. .

The cited, and more recent, U.S. Pat. No. 2,905,601
to Rinker et al, discloses the use of weak stable organic
acids, principally citric acid, in alkali metal cyanide
baths, employing cobalt, nickel, and indium as bright-
eners, the said baths being maintained in the pH range
of 3 to 5. A principal advantage of these latter baths is
one of providing a stable electrolyte with a long life,
which yields good, bright deposits.

A principal teaching of the Rinker bath is the use of
citric acid or other weak organic acids in alloy gold
plating baths. It appears here that the citric acid, or
other weak organic acid, acts in the acid gold electro-
plating baths, as to tend to slow down the rate of de-
posit of such metals as nickel, copper, and cobalt. A
teaching of similar nature is also set forth in an earlier
patent, namely, U.S. Pat. No. 1,924,439 to H. Kersten.
However, a serious deficiency of the said baths is that
the resulting deposits are often highly stressed, and as
a practical matter are often limited for such reason to
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thicknesses below about 5 microns. This detrimental
effect probably is caused (at least in part) by hydrogen
embrittlement and from the presence of organic de-
composition products in the bath. It may be noted in
the latter connection, that in such baths the rate of con-
sumption of citric acid is about equal to the weight of
gold deposited.

In principle, it would appear that a bright gold elec-
troplating bath possessing the advantages set forth with
respect to the phosphate-based formulations of Volk,
and the stability achieved in the Rinker formulations,
would be much desired — were the cited undesirable
features of the said baths not present. Up to the present
time, however, a bath satisfying such criteria has not
been in evidence.

In accordance with the foregoing, it may be regarded
as an object of the present invention, to provide elec-
troplating baths useful in the plating of bright gold,
which, while utilizing phosphates therein, possess a
high degree of stability.

It is a further object of the present invention, to pro-
vide electroplating baths and methodology useful in the
plating of bright gold, which are capable of yielding
smooth, lustrous, high quality plating, even in thick-
nesses exceeding 5 microns.

It is a yet further object of the present invention, to
provide electroplating baths useful in the. plating of
bright gold, which, while possessing the stability of ci-
trate-based baths, do not require constant addition of
salts to maintain bath conductivity and workability, as
is characteristic of the citrate baths; and which further-
more yield the comparatively brighter deposits that are
characteristic of phosphate-based baths.

SUMMARY OF THE INVENTION

Now in accordance with the present invention, the
foregoing objects, and others as will become apparent
in the course of the ensuing specification, are achieved
in a phosphate-based bright gold electroplating bath,
wherein the cobalt or nickel is present in the form of
a complex of specified phosphonic acids with
aminoguanidine. By incorporating the base metal in the
indicated complex form, the prior art disadvantages of
the phosphate baths are overcome, in consequence of
which the baths of the invention exhibit excellent sta-
bility and yield high quality platings, devoid of pitting,
surface irregularities or the like, and possessing low po-
rosity, and good grain and color, even in platings of rel-
atively high thickness. The additive aminoquanidine
appears to function somewhat in the present environ-
ment in an analogous way to the function of the weak
organic acids in the cited U.S. Pat. Nos. 1,924,439 and
2,905,601. In some manner, not completely under-
stood at the present time, a synergistic action appears
to occur between the phosphonic acids of the invention
and aminoguanidine, with the action of the resultant
combination being such as to in part enable the results
achieved in the invention,

Phosphates are present in the baths as the ammonium
or alkali metal salts, and serve as conducting and buff-
ering agents. In preparing the baths of the invention
one adds the conducting and buffering compounds in
quantities which yield a bath specific gravity appropri-
ate to the bath application. Thereupon the pH of the
bath, as required, may be adjusted by addition of small
quantities of innocuous acids or bases — as is known
in the art. A useful specific gravity range for the baths
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is between about 6° to 20° Baume, and a preferred
range between about 10° and 16° Baume.

The aminoguanidine, which is initially added in the
form of the bicarbonate (CHN,.H,CO;), available e.g.
from Eastman Organic Chemicals of Rochester, New
York, is typically present in the bath in concentrations
of from about 2 to 50 g/, and preferably in the range
of about 5 to 35 g/l, calculated as the bicarbonate. Gold
may be present in the baths in concentrations of from
about 2 g/l to saturation. The alloying cobalt and/or
nickel is typically present in concentrations of from
about 5 mg/l to about 40 g/l, calculated as the metal,
with a preferred level being between about 10 mg/l and
5 g/l, calculated as the metal.

DESCRIPTION OF PREFERRED EMBODIMENT

In order to illustrate the advantages of the unique
combination of the present invention, an electroplating
bath is firstly set forth in Example I below, which is ba-
sically a prior art phosphate-based bath; and in Exam-
ple II a bath is set forth utilizing a combination resem-
bling in some respects the baths of the present inven-
tion, but devoid of the aminoguanidine which is present
(in a complex) in the baths of the invention:

Example I
Monopotassium phosphate 80 g/l
cobalt, as cobalt sulfate 50 mg/t
Gold, as potassium gold cyanide 8gf
gH adjusted to 4.3
lating temperature - 35°C
Example II
Mono ammonium phosphate 150 g/t
Cobalt, as complex with amino-
trimethylenephosphonic acid 1 g/
Gold, as potassium gold cyanide 8 g/l
BH adjusted to 4.3
lating temperature 3s5°C

In each instance in the above, the cobalt and gold are
calculated as the metal. Test panels prepared by elec-
troplating from each of the baths of Examples I and 11
displayed a bright deposit, which, however, was not
uniform in color. Some areas of the said panels were
richer in gold coloration than other areas, it appearing
that the gold tended to deposit in strongly agitated ar-
eas.

For purposes of the ensuing Examples, a cobalt com-
plex was prepared as follows:

Example I

Amino trimethylenephosphonic 140 ml
acid (ATMPA)

Aminoguanidine bicarbonate 50g

Cobait carbonate (45.1% cobalt

metal) 44 Og

Deionized water to yield 1000 mi

In a typical procedure for preparing the said cobalt
complex, the cited phosphonic acid (which is available
commercially from Monsanto under the designation
“Dequest 2000") is diluted, and the cobalt carbonate
slowly added. Thereupon the resulting mixture is
warmed to completely dissolve the cobalt carbonate.
The aminoguanidine carbonate is thereafter added very
slowly, the resulting admixture filtered, if necessary,
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and the resultant pH adjusted to about 3.6 (typically
from about 3.0 to 4.0). Each mililiter of the resultant
concentrate contains approximately 20 mg of cobalt
metal.

The corresponding nickel-based complex is prepared
in accordance with the following composition:

Example IV

Ethylenediamine tetra methylene 200 grams
l\])hothonic acid (EDMPA)
ickel carbonate (48.5% nickel 41.2 grams
metal)
Aminoguanidine 50 grams
Deionized water to yield 1000 mi

In a typical preparation procedure the phosphonic acid
compound is agitated with the water to form an aque-
ous slurry, and the mixture warmed to 60° — 70°C.
Thereupon the nickel carbonate is slowly added and
agitation and heat are continued until the carbonatess

dissolved, then the pH is adjusted, if necessary, with™» . '

EDMPA or aminoguanidine to 3.0 to 5.0. As appropri-
ate, filtering is then effected. Each m! of this solution
contains approximately 20 mg of nickel as the metal.

EXAMPLE V

For purposes of this Example, the same bath as indi-
cated in connection with Example Il is utilized, except
that in this instance the cobalt complex with
aminoguanidine which is set forth in Example IIl was
employed. More specifically 10 g/t of aminoguanidine
was now present in the said electroplating bath. Color-
ation of the bath, in consequence, was completely dis-
tinct from that of Example II, indicating that a change
had occurred in the complex used in Example II. Utiliz-
ing the bath of the present Example, panels plated
under the substantially the same conditions as in Exam-
ple 11, were found to yield highly acceptable deposits
superior in all respects to those of Examples I and II,
but with the most marked improvement being in the
uniformity of the resulting plating.

The phosphonic acid compound noted above, is one
of a group of chelating phosphonic acids that are gener-
ally suitable for the present applications. The com-
pound indicated, which may for purposes of conve-
nience be referred to as ATMPA, is the preiurabie
agent for use where cobalt is to be alloyed witli the
gold. The cited compound is not as effective where
nickel is to be plated with gold, as is another well-
known of the said chelating phosphonic acids, namely,
ethylenediamine tetra methylene phosphonic acid
(EDMPA). This latter compound is also available from
Monsanto, under the designation “Dequest 2041.” In
preparing the complexes of Examples I and 1V, the
chelating phosphonic acid is added on approximately a
1:1 mole ratio with the nickel or cobalt — although an
excess of the chelating agent is not objectionable.

The stability of the baths in acccordance with the in-
vention can be increased further by the addition of
from about 1 to 50 g/l of boric acid (preferably from
about 10 to 30g/l) and from about 1 to 30 g/l of glycer-
ine, as is described in British Pat. No. 1,218,732, In
some instances the baths of the present invention still
have a tendency to produce the insoluble compounds
which occur where baths of the type set forth in Exam-
ple I are utilized, such compounds being detrimental to
the good performance of the bath. Consequently, pre-



3,856,638

5

ferred baths for use in accordance with the invention
are set forth in Examples VI through IX below:

6

a complex with at least aminoghanidine and a che-
lating phosphonic acid; the concentration of said
aminoguanidine being from about 2 g/l to 50 g/l

Example VI and said phosphonic acid being present in suffi-
Gold metal (PG.C.) 8 gl 5 cient quantity to cqmplex said al!oymg agent;
Ammonium phosphate monobasic 150 g/l as additional conducting and buffering agents, one or
Cobalt, as the complex of more bath soluble phosphates;
Boi?‘ca‘;l%e 1 %8% the pH of said bath being between 3 and 6, and the
Glycerine 10 mlfl concentration of said conducting and buffering
pH (adjusted by NH,OH or 10 agents being appropriate in the presence of the re-
Deli"gnizéd“i‘)lawr to make lo:ég:r?lél'() maining bath components to adjust the bath spe-
cific gravity to a desired level of from about 6° up
to 20° Baume, said level being above that which
The bath of the above Example VI operates very effec- would be achieved in the absence of said agents.
tively at 37°C, and a current density up to 1.2 amp/dm?. 15 2. An eleptroplgtmg bath in accordance with claim 1,
The ammonium salts used in this bath are the preferred ~ Wherein said pH is maintained between about 3.8 and
salts for the present compositions, and are typically ~ 4-3,and the specific gravity between 10° to 16° Baume.
present in the range of about 30 to 225 g/l, yielding a 3. Ap ele_ctropl'atmg ba.th_ in a'ccordance.wnh claim 2,
specific gravity of at least 8° Baume. Their function ap- \yhereln said aminoguanidine is present in concentra-
pears to be one of augmenting the stability of the baths. 20 tions of from about 5 to 25 g/l. i ,
The preferred pH for both the nickel and cobalt baths 4. An electroplating bath in accordance with claim 1,
is between 3.8 and 4.3, but the acceptable range is wherein said phosphates include fr‘om. about.30 to 225
more generally between 3 and 6. At a pH of 3.8 the effi- g{l of ammonium phosphoate monobasic, to yield a spe-
ciency of the bath of Example VI was found to be as cific gravity of at l?aSt 8 B.aume. . .
follows: 25 5. Anelectroplating bath in accordance with claim 4,
further including as additional stabilizers from about 1
to 50 g/l of boric acid, and from about 1 to 30 g/l of
50°C 44.8 mg/AM glycerine.
gg:g 3;2 6. An electroplating bath in accordance with claim 1,
35°C 492 30 wherein said alloying agent comprises between 10 mg/l
30°C 48.0 and 5 grams/l of cobalt, and said phosphonic acid com-
prises amino-trimethylenephosphonic acid.
Further variations of the bath set forth in Example VI 7. An electroplating bath in accordance with claim 1,
are indicated below in Examples VII through IX: wherein said alloying agent comprises between 10 mg/l|
Examples
VI Vi IX
Gold . 8 g/l 8 g/l 8 g/l
Ammonium phosphate monobasic 120 g/l 120 g/l 120 g/l
Boric acid 20 g/l 20 g/ 20¢g/l
Glycerine 10 mi/t 10 ml/l 10 mifl
Aminoguanidine bicarbonate 5g/l 5 g/t g/l
Cobalt (as the complex of Example IlI) 1 g/} 100 mg/ —
Nickel (as the complex of Example IV) - - —_ 200 mg
pH 4.2 4.2 43
The efficiency observed during plating with bath V11 and 5 grams/l of nickel, and said phosphonic acid com-
was 35 mg/AM at 30°C; and 34 mg/AM at 40°C. The prises ethylenediamine tetra methylenephosphonic
efficiency for bath VIII was 42 mg/AM at 37°C; and the aeid.
efficiency of bath IX was 38-40 mg/AM at 37°C. 50 8. A method for electroplating bright deposits of gold
While the present invention has been particularly et alloyed with a metal selected from the group consisting
forth in terms of specific embodiments thereof, it will (¢ ‘o1 a0 nickel, comprising:
be understqoq in view of the instant disclosure, that nu- preparing a complex of a metal selected from the
merous variations upon the invention are now enabled group consisting of cobalt and nickel, with at least
to those skilled in the art, which variations in propriety, ss aminoguanidine and a chelating phosphonic acid:
yet reside within the true scope of the instant teaching. preparing an aqueous electroplating bath of an alkali
Acco;dl.ngly, the invention is to be br(.)z_ld]y construfad, metal gold cyanide, together with said complex,
and limited only by the scope and spirit of the claims and as conducting and buffering agents one or
now appended hereto. more bath soluble phosphates; the pH of said bath
We claim: . . 60 being between 3 and 6, and said gold being present
1. A bright gold electroplating bath, comprising: in concentrations of from about 2 g/l to saturation,
an aqueous solution of an alkali metal gold cyanide, said complex including in said bath from about 4
said gold being present in concentrations of from mg/l to 40 g/l of said alloying metal; the concentra-
about 2 g/l to saturation; tion of said aminoguanidine being from about 2 g/l
between 4 mg/l and 40 grams/l calculated as the 65 to 50 g/l, and said phosphonic acid being present

metal, of an alloying agent selected from one or
more members of the group consisting of cobalt
and nickel, said agent being added to said bath as

in sufficient quantity to complex said alloying
metal; and the concentration of said conducting
and buffering agents being appropriate in the pres-
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ence of the remaining bath components to adjust
the bath specific gravity to a desired level of from
about 6° up to 20° Baume, said level being above
that which would be achieved in the absence of
said agents; and

electrolyzing said aqueous bath to yield the desired
electroplating.

9. A method in accordance with claim 8, wherein the
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pH of said bath is maintained between about 3.8 and
4.3, and the specific gravity between 10° and 16°
Baume.

10. A method in accordance with claim 9, wherein as
further stabilizers, between about 1 to 50 g/l of boric
acid, and from about [ to 30 g/l of glycerine, are pres-

ent in said bath.
P T I I



