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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication is a continuation-in-part
of U.S. Application Serial No. 12/620,746, filed on No-
vember 18, 2009.

FIELD OF THE INVENTION

[0002] The presentinvention relates generally to semi-
bright nickel plating baths that provide good properties
with respect to leveling, ductility and stress and that are
virtually sulfur-free.

BACKGROUND OF THE INVENTION

[0003] Bright nickel plating baths are used in the auto-
motive, electrical, appliance, hardware and other indus-
tries. The mostimportant functions of bright nickel plating
are as an undercoating for chromium plating, helping fin-
ishers achieve a smooth bright finish and providing a sig-
nificant amount of corrosion protection.

[0004] Fordecorative plated parts that need a high lev-
el of basis metal corrosion protection, semi-bright nickel
deposits are almost always used in conjunction with sub-
sequent deposits of bright nickel and chromium. The
semi-bright nickel deposit is typically between about 60
and 70 percent of the total nickel deposited on the part,
which offers the highest level of basis metal corrosion
protection with the lowest total nickel thickness and the
best appearance.

[0005] The most common nickel plating bath is a sul-
fate bath known as a Watts bath. A typical Watts bath
contains about 20-40 oz/gal nickel sulfate, 3-12 oz/gal
nickel chloride, and 4-6 oz/gal boric acid and operates
at a pH in the range of about 2.0-5.2, a temperature in
the range of 90-160°F and a current density in the range
of about 1.0-60 ASF. The large amount of nickel sulfate
provides the necessary concentration of nickelions, nick-
el chloride improves anode corrosion and increases con-
ductivity, and boric acid is used as a weak buffer to main-
tain pH. In addition, in order to achieve bright and lustrous
appearance of the nickel plating deposit, organic and in-
organic agents (brighteners) are often added to the elec-
trolyte. The types of added brighteners and their concen-
trations determine the appearance of the nickel deposit,
i.e., brilliant, bright, semi-bright, satin, etc. WO
2011/062693, which is a prior art according to Art. 54(3)
EPC discloses a semi-bright nickel plating bath. GB
1,386,781 and GB 1, 006, 333 disclose the electrodepo-
sition of nickel.

[0006] Traditionally, coumarin has been used to obtain
a high-leveling, ductile, semi-bright and sulfur-free nickel
deposit from a Watts nickel bath. However, coumarin-
free solutions are now available. A semi-bright nickel fin-
ish is semi-lustrous, as the name implies, but it was spe-
cifically developed for its ease of polishing and buffing.
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In the alternative, if subsequently bright nickel is plated,
buffing can be eliminated. Brightness and smoothness
are dependent on operating conditions.

[0007] One of the reasons that semi-bright nickel fin-
ishes are so easily buffed and/or polished is that the struc-
ture of the deposit is columnar, whereas the structure of
a bright nickel finish is plate-like (lamellar). However, the
structure of the deposit can be changed with various ad-
ditives, a change in pH, current density or an increase in
solution agitation, which is not a problem unless it affects
properties of the deposit such as internal stress.

[0008] Internal stress of the plated nickel deposit can
be compressive or tensile. Compressive stress is where
the deposit expands to relieve the stress. In contrast,
tensile stress is where the deposit contracts. Highly com-
pressed deposits can result in blisters, warping or cause
the deposit to separate from the substrate, while deposits
with high tensile stress can also cause warpingin addition
to cracking and reduction in fatigue strength.

[0009] The use of coumarin as an additive in nickel
electroplating baths, especially semi-bright nickel proc-
esses, to produce ductile, lustrous deposits with excellent
leveling is well known. It is also known that the degree
of leveling obtained is generally proportional to the con-
centration of coumarin in the plating bath. A full coumarin
bath typically contains about 150 to about 200 mg/L of
coumarin and about 30 mg/L of formaldehyde. Thus, it
can be seen that a high concentration of coumarin in the
bath gives the best leveling.

[0010] However, such characteristics are short-lived,
because such high coumarin concentrations also result
in a high rate of formation of detrimental breakdown or
degradation products. These degradation products are
objectionable in that they can cause uneven, dull gray
areas that are not easily brightened by a subsequent
bright nickel deposit, they can reduce the leveling ob-
tained from a given concentration of coumarin in the plat-
ing bath, and they can reduce the beneficial physical
properties of the nickel deposits.

[0011] Because it is well known that coumarin breaks
down or degrades under many conditions, it is imperative
to monitor the degradation of a plating bath containing
coumarin so that plating is not adversely affected. It has
also been suggested to reduce the concentration of cou-
marin in the bath in order to reduce degradation products
and thus increase bath life, but such reduction in cou-
marin concentration is often accompanied by a loss of
leveling and also makes the bath more sensitive to de-
gradant build-up. The use of various additives, such as
formaldehyde and chloral hydrate has also been sug-
gested to help overcome the undesirable effects of the
coumarin degradation products. However, the use of
such additives has certain limitations because even mod-
erate concentrations of these materials not only increase
the tensile stress of the nickel electrodeposits, but also
significantly reduces the leveling action of the coumarin.
[0012] It has also been suggested to use an aqueous
acidic nickel electroplating bath comprising a coumarin
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compound and an aryl hydroxyl carboxylic acid com-
pound in a combined amount, as described for example
in U.S. Patent No. 4,441,969 to Tremmel, the subject
matter of which is herein incorporated by reference in its
entirety. However, the bath described in Tremmel still
requires a relatively high concentration of coumarin to
provide good leveling characteristics. While the bath re-
quired less frequent batch carbon treatments, the need
for said treatments was not eliminated. Another problem
with coumarin is odor. The amount of coumarin required
for a plating bath produces an offensive odor that can
irritate eyes and mucous membranes.

[0013] Because of the noted deficiencies of coumarin-
based baths, researchers have been trying for a long
time to develop a semi-bright nickel plating bath that is
capable of providing the leveling achieved by a coumarin-
based bath, which is considered to be the standard in
the plating industry. Leveling refers to the ability of the
deposit to fill in and smooth out surface defects such as
scratches or polish lines. It is also important to provide
these highly leveled deposits without sacrificing deposit
ductility and stress. It is further preferable that the nickel
deposit contain less than 0.004% sulfur.

[0014] Sincethelate 1970’s plating suppliers have pro-
posed many bath formulations which claim to level as
well as a coumarin bath. However, to date, none of these
baths formulations have met all of the necessary criteria.
It is believed that the best baths developed to date can
only achieve about 65% of the leveling of a coumarin-
based deposit at equal deposit thickness.

[0015] As explained above, while the leveling of cou-
marin is exceptional, coumarin has a disagreeable odor,
breaks down and forms harmful degradation products,
and these degradation products can only be removed by
batch carbon treatments of the plating bath. These treat-
ments are expensive and time consuming and normally
must be done at least monthly and in some cases, even
weekly. Therefore, there is a need in the art to provide a
nickel plating bath that is coumarin-free but that provides
similar leveling characteristics.

[0016] Currentsemi-brightnickel solutions use hexyne
diol and/or butyne diol, in combination with aldehydes
such as chloral hydrate, formaldehyde and piperonal in
further combination with salicylic acid or benzoic acid.
The internal stress of these baths is relatively high, rang-
ing from about 5.52 x 107 N/m2 (8,000 psi) tensile to about
1.03 x 108 N/m2 (15,000) psi tensile. In addition, none of
these baths level nearly as well as a full coumarin system.
[0017] Thus it would be desirable to provide a cou-
marin-free semi-bright nickel plating bath that approach-
es the leveling characteristics of a coumarin bath, is vir-
tually sulfur-free, and meets the automotive require-
ments for stress and ductility.

SUMMARY OF THE INVENTION

[0018] Itis an object of the presentinvention to provide
a highly leveled semi-bright nickel deposit with excellent
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ductility and very low stress.

[0019] It is another object of the present invention to
provide a coumarin-free semi-bright nickel plating bath
that approaches or even equals the leveling character-
istics of a coumarin bath and is virtually sulfur free.
[0020] It is another object of the present invention to
provide a semi-bright nickel plating bath that does not
require aldehydes to provide acceptable simultaneous
thickness and electrolytic potential (STEP) results.
[0021] It is still another object of the present invention
to provide a semi-bright nickel plating bath that provides
good stability over the life of the bath.

[0022] The presentinvention relates to a nickel plating
bath according to claim 1. The present invention also
relates to a method according to claim 8.

[0023] Also described herein is a nickel plating bath
for plating a semi-bright nickel deposit on a substrate,
the nickel plating bath comprising:

a) a source of nickel ions;

b) a halide substituted acetic acid, propionic acid or
salts of the foregoing;

and

c) atleast one diol selected from the group consisting
of hexyne diol, butyne diol and combinations of the
foregoing

wherein the nickel plating bath is preferably substan-
tially free of coumarin, and preferably substantially
free of aldehydes.

[0024] Also described herein is a nickel plating bath
for plating a semi-bright nickel deposit on a substrate,
the nickel plating bath comprising:

a) nickel ions such as from a mixture of nickel sulfate
and nickel chloride;

b) a soluble salt of chloroacetic acid, acetic acid, gly-
colic acid, propionic acid, benzoic acid, salicylic acid
or chlorobenzoic acid; and

c) atleast one diol selected from the group consisting
of hexyne diol, butyne diol and combinations of the
foregoing,

wherein the nickel plating bath is preferably substan-
tially free of coumarin and preferably substantially
free of aldehydes.

[0025] Also described herein is a method of plating a
substrate to produce a sulfur-free semi-bright nickel de-
posit thereon comprising the steps of:

a) providing a nickel plating bath comprising:

i) nickel ions, such as from a mixture of nickel
sulfate and nickel chloride;

ii) a halide substituted (i) acetic acid, (ii) propi-
onic acid, or (iii) salts of any of the foregoing, or
a soluble salt of chloroacetic acid, acetic acid,
glycolic acid, proprionic acid, benzoic acid, sal-
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icylic acid or chlorobenzoic acid; and

iii) at least one diol selected from the group con-
sisting of hexyne diol, butyne diol and combina-
tions of the foregoing; and

b) contacting with the substrate with the nickel plating
bath and applying current to provide a semi-bright
nickel deposit on the substrate,

wherein the nickel plating bath is preferably substan-
tially free of coumarin and preferably substantially
free of aldehydes.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BMODIMENTS

[0026] Described herein is a nickel plating bath that
includes a halide substituted (i) acetic acid, (ii) propionic
acid, or (iii) salts of any of the foregoing, or a soluble salt
of chloroacetic acid, acetic acid, glycolic acid, propionic
acid, benzoic acid, salicylic acid or chlorobenzoic acid in
combination with hexyne diol and/or butyne diol and that
is able to provide good leveling characteristics without
the addition of coumarin.

[0027] The presentinventionrelates generally to a cou-
marin-free nickel plating bath which provides the leveling
characteristics that are achievable with a coumarin-con-
taining nickel plating bath.

[0028] Also described herein is a nickel plating bath
for plating a semi-bright nickel deposit on a substrate,
the nickel plating bath comprising:

a) a source of nickel ions;

b) a halide substituted (i)acetic acid, (ii)propionic acid
or (iii)salts of the foregoing; and

c) atleastone diol selected from the group consisting
of hexyne diol, butyne diol and combinations of the
foregoing.

wherein the nickel plating bath is preferably substantially
free of coumarin and preferably substantially free of al-
dehydes.

[0029] In a preferred embodiment, the nickel plating
bath contains nickel sulfate and nickel chloride. In addi-
tion, boric acid is typically added to control the pH of the
solution. The present invention describes a plating bath
containing a halide substituted (i) acetic acid, (ii) propi-
onic acid or (iii) salts thereof. Monochloroacetic acid is
preferred, however dichloroacetic acid or trichloroacetic
acid are also suitable. The aforementioned acids are gen-
erally added as sodium, potassium, lithium, magnesium
and nickel salts because the addition of the acids tends
to make the pH of the bath too low. The concentration of
the soluble salt, such as sodium mono chloroacetate, is
preferably between about 2.0 to 4.0 g/l but can range
from as little as 0.5 g/l to as much as 20 g/l.

[0030] The hexyne diol concentration should prefera-
bly be between 100 to 200 mg/l, but can range from 50
mg/l to 500 mg/l. The preferred range for the butyne diol
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is 60 to 120 mg/l but can range from 30 to 300 mg/l.
Preferably both hexyne diol and butyne diol are used
together, however, the inclusion of one of the two will
work well. Even higher concentrations of these com-
pounds can be used if they are used alone. If both diols
are used the aggregate concentration can range from 50
mg/I to 600 mg/l. Supplementary additives include ethox-
ylated (or propoxylated) butyne diol, ethoxylated (or pro-
poxylated) hexyne diol, ethoxylated (or propoxylated)
acetylenic alcohols, and/or acetylenic alcohols.

[0031] The presentinvention relates to a nickel plating
bath comprising:

a) a source of nickel ions;

b) a soluble salt of salicylic acid; and

c) atleast one diol selected from the group consisting
of hexyne diol, butyne diol and combinations of the
foregoing,

wherein the nickel plating bath is preferably substantially
free of coumarin and preferably substantially free of al-
dehydes,

[0032] The soluble salt of salicylic acid is preferably
sodium salicylate. The aforementioned acid is generally
added as sodium, potassium, lithium, magnesium and
nickel salts because the addition of the acids would make
the pH of the bath too low. The concentration of the sol-
uble salt, such as sodium salicylate, is preferably be-
tween about 1.0 to 2.0 g/l but can range from as little as
0.3 g/l to as much as 20 g/I.

[0033] Asdescribed herein, the semi-bright nickel plat-
ing bath is substantially free of coumarin and is most
preferably free of coumarin. What is meant by substan-
tially free is that the bath contains no functional amounts
of coumarin. Free of coumarin means that no detectible
amounts of coumarin have been added to the bath.
[0034] One important aspect of the present invention
is that aldehydes are not required in the nickel plating
bath to provide acceptable STEP results. "STEP" is an
acronym for "simultaneous thickness and electrolytic po-
tential" and is measured with a special device called a
STEP tester, which measures not only the thickness of
the given deposits but also the electrical potential differ-
ence between the bright and semi-bright nickel layers.
This difference is very important because it relates to the
corrosion protection of these duplex nickel layers. A
STEP of atleast 100 mV is required and 120 mV or higher
is desirable. Normally, the addition of aldehydes is used
to accomplish this end. However, the use of aldehydes
is not desirable because these compounds increase the
internal stress and may also decrease the ductility and
the leveling of the semi-bright coatings. Thus the plating
bath described herein is substantially free of aldehydes,
and most preferably is free of aldehydes. What is meant
by substantially free is that the bath contains no functional
amounts of aldehydes. Free of aldehydes means that no
detectible amounts of aldehydes have been added to the
bath.
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[0035] The results obtained with the combination of the
listed acid compounds with hexyne diol and butyne diol
are quite surprising. STEP results of deposits prepared
using plating baths with the foregoing additives range
from 80 to 145 mV. In order to obtain the higher STEP
results and better leveling, the pH should preferably be
above 4.0, preferably higher than 4.3. This higher pH is
desirable because it also improves the leveling of the
deposit. The pH of the proposed bath is from 4.1 to 5.0,
more preferably from 4.4 to 4.8, most preferably 4.4 to
4.6. The fact that the stress of the deposit remains very
low and the ductility very high is surprising. Normally, as
one raises the pH of a semi-bright nickel bath or any
nickel plating bath for that matter, the internal stress of
the deposit goes up and the ductility is poorer.

[0036] The semi-bright nickel plating bath described
herein also provides a nickel deposit that exhibits perfect
ductility of 0.5 according to the Chrysler ductility method
and exceptionally low internal stress ranging from about
1,000 compressive to about 4,000 tensile.

[0037] Furthermore, the leveling of deposits plated
from the plating bath of the invention are comparable to
a freshly made coumarin/formaldehyde bath. To date,
while many claims have been made to the leveling char-
acteristics of various processes, there have been no cou-
marin-free plating processes that have come close to the
leveling of a fresh coumarin bath.

[0038] The STEP results achieved by the plating bath
of this invention are completely unexpected. Until now,
only the addition of aldehydes, such as chloral hydrate
or formaldehyde, would increase the STEP to the re-
quired levels. Furthermore, previously the addition of oth-
er acids, such as salicylic acid and benzoic acid, was
shown to reduce STEP. However, as seen from the ex-
amples set forth below, the addition of a soluble salt of
an acid such as salicylic acid or benzoic acid can also
be shown to provide desirable STEP results. In addition,
increasing the pH of the bath to increase STEP without
the use of aldehydes is also completely unexpected.
[0039] Stress of the deposit is measured using various
methods and is typically desired to be within the range
of 1.03 x 108 N/m2 (15,000 psi) tensile or less. The lower
the internal stress, the better.

[0040] Ductility is normally measured using the Chrys-
ler ductility method. The Chrysler ductility method in-
volves plating a foil 0.001 inch thick. The foil is then cut
into a strip the width of a micrometer jaw and folded over
to make a "U" shape in the jaw of the micrometer. The
micrometer is turned down until the foil breaks and duc-
tility is equal to T/2R where T is the thickness of a plated
foil and 2R is the measurement of deflection at which the
foil breaks when it is bent over itself. For example, if the
nickel thickness is 0.001" and the foil breaks at 0.005
diameter the ductility would be: D = 0.001/0.005 = 0.2.
Perfect ductility is 0.5 and most automotive companies
require a number that is at least 0.4.

[0041] The present invention will now be discussed
with reference to the following nonlimiting examples. Ex-
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amples 11-14 are part of the scope of invention while
examples 1-10, 15,16 are not part of the scope of the
invention.

Example 1:

[0042] A stock semi-bright nickel bath was prepared
having 40 oz/gal nickel sulfate hexahydrate, 4.5 oz/gal
nickel chloride hexahydrate and 5.5 oz/gal of boric acid.
The solution was carbon and peroxide treated and filtered
and the pH adjusted to 3.8 to 4.0. Thereafter, 0.3% v/v
of a solution of 6% by weight di-hexylsulfosuccinate was
added to prevent pitting in the subsequent deposits.
[0043] 330 cm3 of this solution was added to a hull cell
equipped with air agitation and heated to 135°F. 2 g/l of
sodium acetate was added to the bath and a brass panel
was plated at 2 amps for 15 minutes. The resulting de-
posit was overall gray with lustrous recesses. 0.1% of a
70/30 mixture of hexyne diol and butyne diol was added
such that the aggregate concentration was 0.15 g/l. The
resulting deposit was lustrous to semi-bright from about
0 to 40 ASF and dull above 40 ASF and very dull near
the high current density (HCD) edge.

[0044] Another 0.1% of the mixture of hexyne diol and
butyne diol was added and the panel was repeated using
a scratched hull cell panel for the test. A scratched hull
cell panel is one where the bottom 0.75 inch of the panel
has been polished with a 200 grit belt. This leaves pol-
ishing lines and allows the researcher to evaluate leveling
across a wide current density range.

[0045] The overall deposit was over-lustrous semi-
bright from about 0 to 50 ASF and slightly dull above 50
ASF and very dull along the HCD edge.

[0046] This panel was then plated in a bright nickel
bath directly across from the anode (not a hull cell) at 25
ASF for 5 minutes. The bright nickel under these condi-
tions did not provide much leveling but made the deposit
bright enough to evaluate leveling of the initial nickel de-
posit. The leveling of the deposit was about 65% of a
commercial coumarin bath. It should be noted that the
HCD area of the panel was still cloudy because the semi-
bright deposit was dull.

Example 2:

[0047] A fresh semi-bright stock solution was added to
the air agitated hull cell. Thereafter, 2.0 g/l of sodium
mono chloroacetate was added to the bath and 0.2% of
the mixture of hexyne diol and butyne diol was added
such that the aggregate concentration was 0.30 g/l. A
scratched brass panel was plated at 2 amps for 15 min-
utes. The resulting deposit was overall lustrous semi-
bright with some slight dullness in the extreme HCD edge
of the panel. The panel was over-plated with 5 minutes
of bright as described above in Example 1 and the lev-
eling was about 65% of a commercial coumarin bath.
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Example 3:

[0048] Example 2 was repeated but the bath pH was
increasedto4.6. The resulting deposit was allittle brighter
than that in Example 2. It was over-plated with bright
nickel as above and leveling evaluated. The leveling of
the deposit was almost equal to one plated from a full
coumarin bath. The concentration of the mixture of
hexyne diol and butyne diol was increased such that the
aggregate concentration was 0.45 g/l. The leveling of the
deposit was now equal to one plated from a commercial
coumarin bath.

Example 4:

[0049] The tests in Examples 2 and 3 were repeated
using 4 g/l of sodium mono chloroacetate and the results
were the same.

Example 5:

[0050] Example 1 was repeated at a bath pH of 4.6,
and the results were the same.

Example 6:

[0051] A one liter solution of the bath of Example 3 was
placed in a beaker equipped with air agitation. A foil was
plated from this bath which had a thickness of about 1.0
mil. This was done by plating the deposit on a stainless
steel panel at an average current density of 40 ASF. Be-
cause the substrate is passive, the deposit is readily re-
moved by cutting the edges of the panel which releases
the deposit. This allows the plater to cut strips of foil and
measure the ductility. The ductility (T/2R value) of this
deposit was 0.5.

Example 7:

[0052] A oneliter solution of the bath in Example 3 was
again placed in an air agitation beaker. This time, stress
was measured using the strip method. This is done by
measuring the deflection of a beryllium - copper strip be-
fore and after plating and plugging the data into a formula
which uses deposit thickness, deflection and a constant
to determine stress in units of pounds per square inch
(psi). The stress of the deposit was determined to be 1.08
x 107 N/m2 (1560 psi) tensile. As mentioned above, the
lower the stress, the better, and most semi-bright nickel
deposits have stress values of about 5.52 x 107 to about
1.03 x 108 N/m2(8,000 to about 15,000 psi) tensile.

Example 8:

[0053] Example 1 was repeated using 2 g/l of sodium
formate in place of the sodium acetate. The resulting de-
posit with the diols was overall lustrous over the entire
current density range but the deposit had fair to poor
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leveling. While increasing the pH improved leveling, lev-
eling was still less than 50% of a commercial coumarin
bath.

Example 9:

[0054] A stock semi-bright nickel bath was prepared
having 40 oz/gal nickel sulfate hexahydrate, 4.5 oz/gal
nickel chloride hexahydrate and 5.5 oz/gal of boric acid.
The solution was carbon and peroxide treated and filtered
and the pH adjusted to 3.8 to 4.0. Thereafter, 0.3% v/v
of a solution of 6% by weight di-hexylsulfosuccinate was
added to prevent pitting in the subsequent deposits.
[0055] 330 cm3 of this solution was added to a hull cell
equipped with air agitation and heated to 135°F. 2 g/l of
sodium salicylate was added to the bath and a brass
panel was plated at 2 amps for 15 minutes. The resulting
deposit was overall gray with lustrous recesses. 0.1% of
a 70/30 mixture of hexyne diol and butyne diol was added
such that the aggregate concentration was 0.15 g/l. The
resulting deposit was lustrous to semi-bright from about
0 to 60 ASF and slightly dull above 60 ASF and very dull
near the high current density (HCD) edge.

[0056] Another 0.1% of the mixture of hexyne diol and
butyne diol was added and the panel was repeated using
a scratched hull cell panel for the test. A scratched hull
cell panel is one where the bottom 0.75 inch of the panel
has been polished with a 200 grit belt. This leaves pol-
ishing lines and allows the researcher to evaluate leveling
across a wide current density range.

[0057] The overall deposit was over-lustrous semi-
bright from about 0 to 80 ASF and dull above 80 ASF
and somewhat dull along the HCD edge.

[0058] This panel was then plated in a bright nickel
bath directly across from the anode (not a hull cell) at 25
ASF for 5 minutes. The bright nickel under these condi-
tions did not provide much leveling but made the deposit
bright enough to evaluate leveling of the initial nickel de-
posit. The leveling of the deposit was about 65% of a
commercial coumarin bath.

Example 10:

[0059] A fresh semi-bright stock solution was added to
the air agitated hull cell. Thereafter, 2.0 g/l of sodium
salicylate was added to the bath and 0.2% of the mixture
of hexyne diol and butyne diol was added such that the
aggregate concentration was 0.35 g/l. A scratched brass
panel was plated at 2 amps for 15 minutes. The resulting
deposit was overall lustrous semi-bright with some slight
dullnessin the extreme HCD edge of the panel. The panel
was over-plated with 5 minutes of bright as described
above in Example 9 and the leveling was about 75% of
a commercial coumarin bath.

Example 11:

[0060] Example 10 was repeated but the bath pH was
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increasedto4.6. The resulting deposit was allittle brighter
than that in Example 10. It was over-plated with bright
nickel as above and leveling evaluated. The leveling of
the deposit was equal to one plated from a commercial
coumarin bath.

Example 12:

[0061] Thetestsin Examples 10and 11 were repeated
using 4 g/l of sodium salicylate and the results were the
same.

Example 13:

[0062] A one liter solution of the bath of Example 11
was placed in a beaker equipped with air agitation. A foil
was plated from this bath which had a thickness of about
1.0 mil. This was done by plating the deposit on a stain-
less steel panel at an average current density of 40 ASF.
Because the substrate is passive, the deposit is readily
removed by cutting the edges of the panel which releases
the deposit. This allows the plater to cut strips of foil and
measure the ductility. The ductility (T/2R value) of this
deposit was 0.5.

Example 14:

[0063] A one liter solution of the bath in Example 11
was again placed in an air agitation beaker. This time,
stress was measured using the strip method. This is done
by measuring the deflection of the strip before and after
plating and plugging the data into a formula which uses
deposit thickness, deflection and a constant to determine
stress in units of pounds per square inch (psi). The stress
of the deposit was determined to be 1.32 x 107 N/m2
(1920 psi) tensile. As mentioned above, the lower the
stress, the better, and most semi-bright nickel deposits
have stress values of about 5.52 x 107 to about 1.03 x
108 N/mZ2 (8,000 to about 15,000 psi) tensile.

Example 15:

[0064] Example 3 was repeated using 1.5 g/l of sodium
benzoate in place of sodium acetate. The resulting de-
posit was overall semi-bright to lustrous over the entire
current density range. The leveling of the deposit was
comparable to deposits from a commercial coumarin
bath.

Example 16:

[0065] Example 3 was repeated using 1.5 g/l of sodium
chlorobenzoate in place of sodium acetate. The resulting
deposit was overall lustrous over the entire current den-
sity range. The leveling of the deposit was comparable
to deposits from a commercial coumarin bath.
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Example 17:

[0066] The panels from the above examples as well
as other similar test panels which were plated with both
semi-bright and bright nickel were evaluated for STEP.
Generally, the results indicated that the deposits which
were plated at lower pH values, e.g., 3.6 to 4.0 had STEP
values around 50 to 80 mV. Those deposits plated at a
pH of 4.4 to 4.6 had values of 110 to 145 mV.

[0067] Thus, itis seen that the semi-bright nickel plat-
ing baths described herein produce sulfur-free semi-
bright deposits over a very wide current density range.
The nickel plating baths described herein are the only
non-coumarin semi-bright baths known to produce lev-
eling equal to a full commercial coumarin bath. The baths
also require no aldehydes to achieve STEP and, as a
result, the deposit has extremely low stress and excellent
ductility.

Claims

1. A nickel plating bath for plating a semi-bright nickel
deposit on a substrate, the nickel plating bath com-
prising:

a) nickel ions;

b) a soluble salt of salicylic acid, and

c) at least one diol selected from the group con-
sisting of hexyne diol, butyne diol and combina-
tions of the foregoing,

wherein the nickel plating bath is substantially free
of coumarin, substantially free of aldehydes and has
a pH from 4.1 to 5.0.

2. Thenickel plating bath as claimed in claim 1, wherein
the soluble saltis a sodium, potassium, lithium, mag-
nesium or nickel salt of salicylic acid;
optionally wherein the soluble salt is sodium sali-
cylate.

3. Thenickel plating bath as claimed in claim 1, wherein
the concentration of the soluble saltin the nickel plat-
ing bath is between 0.5 and 20.0 g/I.

4. Thenickel plating bath as claimed in claim 1, wherein
the plating bath also comprises an additive selected
from the group consisting of ethoxylated (or propox-
ylated) butyne diol, ethoxylated (or propoxylated)
hexyne diol, acetylenic alcohols, and ethoxylated (or
propoxylated) acetylenic alcohols.

5. The nickel plating bath as claimed in claim 1, wherein
the at least one diol comprises both hexyne diol and
butyne diol;
optionally wherein the concentration of hexyne diol
in the nickel plating bath is in the range of 50 mg/L
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to 500 mg/L and the concentration of butyne diol is
from 30 mg/l to 300 mg/L;

further optionally wherein the concentration of
hexyne diol in the nickel plating bath is in the range
of 100 mg/L to 200 mg/L and the concentration of
butyne diol is from 60 mg/L to 120 mg/L.

The nickel plating bath according to claim 1, wherein
the plating bath has a pH between about 4.4 and
about 4.6.

The nickel plating bath according to claim 1, wherein
the plating bath does not include coumarin or an al-
dehyde.

A method of plating a substrate to produce a sulfur-
free semi-bright nickel deposit thereon, the method
comprising the steps of:

a) providing a nickel plating bath according to
any one of claims 1to 7; and

b) contacting the substrate with the nickel plating
bath and applying electrical current to provide a
semi-bright nickel deposit on the substrate.

The method according to claim 8, comprising the
step of plating a bright nickel layer over the semi-
bright nickel deposit.

The method according to claim 9, wherein a simul-
taneous thickness and electrolytic potential (STEP)
of the plated deposits is at least 100 mV.

The method according to claim 10, wherein the
STEP of the plated deposits is between 110 and 145
mV.

The method according to claim 10, wherein the
STEP of the plated deposits is at least 120 mV.

The method according to claim 8, wherein the stress
of the deposit is less than 1.03 x 108 N/mZ2 (15,000
psi) tensile;

optionally wherein the stress of the deposit is less
than 2.76 x 107 N/m2 (4,000 psi) tensile.

The method according to claim 8, wherein the duc-
tility of the deposit, measured in accordance with the
Chrysler ductility method, is at least 0.4;

optionally wherein the ductility of the deposit, meas-
ured in accordance with the Chrysler ductility meth-
od, is 0.5.

Patentanspriiche

1.

Vernickelungsbad zum Galvanisieren einer halb-
glanzenden Nickelabscheidung auf ein Substrat,
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wobei das Vernickelungsbad Folgendes umfasst:

a) Nickelionen;

b) ein I6sliches Salz von Salicylsdure und

c) mindestens ein Diol, das aus der Gruppe be-
stehend aus Hexindiol, Butindiol und Kombina-
tionen der Vorstehenden ausgewahlt ist,

wobei das Vernickelungsbad im Wesentlichen frei
von Cumarinist, im Wesentlichen frei von Aldehyden
ist und einen pH-Wert von 4,1 bis 5,0 aufweist.

Vernickelungsbad nach Anspruch 1, wobei das 16s-
liche Salz ein Natrium-, Kalium-, Lithium-, Magnesi-
um- oder Nickelsalz von Salicylsaure ist;
gegebenenfalls wobei das I6sliche Salz Natriumsa-
licylat ist.

Vernickelungsbad nach Anspruch 1, wobei die Kon-
zentration des l6slichen Salzes in dem Vernicke-
lungsbad zwischen 0,5 und 20,0 g/l liegt.

Vernickelungsbad nach Anspruch 1, wobei das Gal-
vanisierungsbad auf3erdem ein Additiv umfasst, das
aus der Gruppe bestehend aus ethoxyliertem (oder
propoxyliertem) Butindiol, ethoxyliertem (oder pro-
poxyliertem) Hexindiol, acetylenischen Alkoholen
und ethoxylierten (oder propoxylierten) acetyleni-
schen Alkoholen ausgewahlt ist.

Vernickelungsbad nach Anspruch 1, wobei das min-
destens eine Diol sowohl Hexindiol als auch Butin-
diol umfasst;

gegebenenfalls wobei die Konzentration von Hexin-
diol in dem Vernickelungsbad im Bereich von 50
mg/L bis 500 mg/L liegt und die Konzentration von
Butindiol von 30 mg/L bis 300 mg/L betragt;
weiterhin gegebenenfalls wobei die Konzentration
von Hexindiol in dem Vernickelungsbad im Bereich
von 100 mg/L bis 200 mg/L liegt und die Konzentra-
tion von Butindiol von 60 mg/L bis 120 mg/L betragt.

Vernickelungsbad nach Anspruch 1, wobei das Gal-
vanisierungsbad einen pH-Wert zwischen etwa 4,4
und etwa 4,6 aufweist.

Vernickelungsbad nach Anspruch 1, wobei das Gal-
vanisierungsbad nicht Cumarin oder ein Aldehyd
enthalt.

Verfahren zur Galvanisierung eines Substrats, um
eine schwefelfreie, halbglanzende Nickelabschei-
dung darauf herzustellen, wobei das Verfahren die
folgenden Schritte umfasst:

a) Bereitstellen eines Vernickelungsbads nach
einem der Anspriiche 1 bis 7 und
b) Inkontaktbringen des Substrats mit dem Ver-
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nickelungsbad und Anlegen eines elektrischen
Stroms, um eine halbglédnzende Nickelabschei-
dung auf dem Substrat bereitzustellen.

Verfahren nach Anspruch 8, das den Schrittdes Gal-
vanisierens einer glanzenden Nickelschicht iber der
halbglanzenden Nickelabscheidung umfasst.

Verfahren nach Anspruch 9, wobei ein STEP ("Si-
multaneous Thickness and Electrochemical Poten-
tial", simultane Dicke und elektrochemisches Poten-
tial) der galvanisierten Abscheidungen mindestens
100 mV betragt.

Verfahren nach Anspruch 10, wobei das STEP der
galvanisierten Abscheidungen zwischen 110 und
145 mV liegt.

Verfahren nach Anspruch 10, wobei das STEP der
galvanisierten Abscheidungen mindestens 120 mV
betragt.

Verfahren nach Anspruch 8, wobei die Spannung
der Abscheidung wenigerals 1,03 x 108 N/m2 (15000
psi) Zugspannung betragt;

gegebenenfalls wobei die Spannung der Abschei-
dung weniger als 2,76 x 107 N/m2 (4000 psi) Zug-
spannung betragt.

Verfahren nach Anspruch 8, wobei die Dehnfestig-
keitder Abscheidung, gemessengemal dem Chrys-
ler-Dehnfestigkeitsverfahren, mindestens 0,4 be-
tragt;

gegebenenfalls wobei die Dehnfestigkeit der Ab-
scheidung, gemessen gemal dem Chrysler-Dehn-
festigkeitsverfahren, 0,5 betragt.

Revendications

Un bain de placage de nickel destiné a plaquer un
dépdbt de nickel semi-brillant sur un substrat, le bain
de placage de nickel comprenant :

a) des ions de nickel ;

b) un sel soluble d’acide salicylique ; et

c) un ou plusieurs diols sélectionnés dans le
groupe constitué par I’'hexyne diol, le butyne diol
et des combinaisons de ces derniers,

dans lequel le bain de placage de nickel est sensi-
blement dépourvu de coumarine, sensiblement dé-
pourvu d’aldéhydes et a un pH compris entre 4,1 et
5.0.

Le bain de placage de nickel selon la revendication
1, dans lequel le sel soluble est un sel de sodium,
de potassium, de lithium, de magnésium ou de nickel
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10.

d’acide salicylique,
en option, dans lequel le sel soluble est un salicytate
de sodium.

Le bain de placage de nickel selon la revendication
1, dans lequel la concentration du sel soluble dans
le bain de placage de nickel est comprise entre 0,5
et 20,0 g/l

Le bain de placage de nickel selon la revendication
1, dans lequel le bain de placage comprend aussi
un additive sélectionné dans le groupe constitué par
le butyne diol éthoxylé (ou propoxylé), I'hexyne diol
éthoxylé (ou propoxylé), les alcools acétyléniques
et les alcools acétyléniques éthoxylés (ou propoxy-
Iés).

Le bain de placage de nickel selon la revendication
1, dans lequel le ou les diols comprennent a la fois
I’'hexyne diol et le butyne diol ;

en option, dans lequel la concentration d’hexyne diol
dans le bain de placage de nickel est dans la plage
comprise entre 50 mg/L et 500 mg/L et la concen-
tration de butynédiol est comprise entre 30 mg/L et
300 mg/L ;

en option en outre, dans lequel la concentration
d’hexyne diol dans le bain de placage de nickel est
dans la plage comprise entre 100 mg/L et 200 mg/L
et la concentration de butynédiol est comprise entre
60 mg/L et 120 mg/L.

Le bain de placage de nickel selon la revendication
1, dans lequel le bain de placage a un pH compris
entre 4,4 et 4,6.

Le bain de placage de nickel selon la revendication
1, dans lequel le bain de placage n’inclut ni une cou-
marine ni un aldéhyde.

Un procédé de placage d’un substrat pour produire
un dépdt de nickel semi-brillant dépourvu de soufre
sur ledit substrat, le procédé comprenant les étapes
consistant a :

a) fournir un bain de placage de nickel selon
I'une quelconque des revendications 1 a7 ; et
b) mettre en contact le substrat avec le bain de
placage de nickel et appliquer un courant élec-
trique pour fournir un dépdt de nickel semi-
brillant sur le substrat.

Le procédé selon la revendication 8, comprenant
I'étape consistant a plaquer une couche de nickel
brillant sur le dépdt de nickel semi-brillant.

Le procédé selon la revendication 9, dans lequel une
détermination simultanée de I'épaisseur et du poten-
tiel électrolytique (simultaneous thickness and elec-
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trolytic potential, STEP) des dépbts plaqués est au
moins de 100 mv.

Le procédé selon la revendication 10, dans lequel la
détermination STEP des dépbts plaqués est com-
prise entre 110 et 145 mv.

Le procédé selon la revendication 10, dans lequel la
détermination STEP des dépdts plaqués est au
moins de 120 mv.

Le procédé selon la revendication 8, dans lequel la
contrainte du dépét est inférieure & 1,03 x 108 Nm?2
(15 000 psi) en traction ;

en option, dans lequel la contrainte du dépét est in-
férieure & 2,26 x 107 Nm2 (4 000 psi) en traction.

Le procédé selon la revendication 8, dans lequel la
ductilité du dépot, mesurée selon le procédé ductilité
de Chrysler, est au moins de 0,4 ;

en option, dans lequel la ductilité du dépbt, mesurée
selon le procédé ductilité de Chrysler, est de 0,5.
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