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ABOVE: The automotive, agricultural equipment
and other durable goods industries continue to
focus heavily on zinc nickel plated deposits.

In the deposition of the zinc nickel layer in an alkaline zinc nickel
bath, corrosion protection is related, in part, to the percentage of
nickel in the deposit. Therefore, an understanding of the elements
that control that percentage are helpful in constructing the most effective layer.
The automotive, agricultural equipment and other durable goods
industries continue to focus heavily on zinc nickel plated deposits. This
has been the catalyst for the zinc nickel plating market to have more
than doubled in North America in the last five years. As zinc nickel
plating chemistries have improved, the cost to operate compared to the
performance benefits has become much more attractive. This trend is
important especially in the automobile sector where longer warranty
periods will continue to drive demand for the level of corrosion resistance
provided by this deposit.
Research has found that the most influential component of the overall
nickel content is control of the percentage of nickel content in the bath.
Current density and temperature also play a role in the overall process.
Additions of sulfate and carbonate yield increased levels of nickel to a lesser
degree, but the addition of more or less caustic demonstrated little impact on
the overall nickel incorporation. The investigation of these factors is crucial in
the development of zinc nickel plating technologies that will continue to meet
the growing demand for this deposit on automotive-related components.

PLATING
Year
1990
1991
1994
1997
1999
2003

Author
Vlad, C. M.
Pushpavanam, M.
Alfantazi, A. M.
H. Park
Benballa, M.
Sohi, M. H.

% Nickel
10%-16%
18%
14%-20%
13%-15%
13%
13%

Table 1: Percentage of nickel determined to provide optimum
corrosion resistance.
Current Density
(A/ft2)
2
8
20
40
80

7.5 × 104
(mg/L)
12.38%
12.89%
13.63%
14.51%
15.09%

1.1 × 105
(mg/L)
12.09%
12.59%
13.27%
14.49%
15.23%

1.5 × 105
(mg/L)
12.26%
12.89%
13.61%
14.62%
15.29%

Table 3: Impact of caustic concentration on percentage of
nickel incorporated in deposit.
Zinc nickel alloy plating may be one of the more common
methods for corrosion protection these days, but this has not
always been the case. Alloy plating has a rich history dating
back to the early 1800s. Early records of alloy plating report
the issuance of a patent in England in 1838 to George
Richards Elkington and Oglethorpe Barratt, who prepared
coatings of copper and zinc by immersing them into a
boiling solution of zinc chloride.
In 1869, chemist Alfred Roseleur summarily dismissed
zinc nickel alloy, stating that “this application is without
industrial importance because nickel costs about five times
as much as copper of which it possesses all of the disadvantages, and in particular its poisonous properties.”

Automotive Industry Demand

Investigation into zinc nickel alloy electrodeposition
remained largely a source of academic interest until
the early 1980s, when its role in satisfying the demand
for a corrosion-resistant alloy plating for the automobile industry began to emerge. Due to excellent
corrosion resistance and self-lubricating properties, cadmium was the metal of choice for corrosion protection applications, particularly in the
fastener industry, but restrictions to the exposure
of cadmium in the United States, Europe and Japan
created a demand for a suitable substitute. In
fact, the alkaline zinc nickel alloy plating process
addressed two separate environmental issues
including cadmium exposure and exposure to
cyanide baths.
Today, protection of steel from corrosion is
big business, and 50 percent of the world’s
zinc consumption is applied toward this goal.
The electroplating of steel covers between
25 percent and 30 percent of total zinc
production.

Operating Parameters
Range
Zinc Metal
6.0-9.75 g/L
Caustic Soda
75-135 g/L
Nickel Metal
800-1600 ppm
Operating Temperature
70-95°F (21-34°C)
Proprietary Additives (Organics)
Makeup
6.0% - 10.0% by volume
Replenisher
0.6% -1.2% by volume
Brightener
0.2% - 0.3% by volume
Booster
0.2% - 0.5% by volume
Table 2: Operating parameters for alkaline zinc nickel bath.

The most influential component of the nickel content is
control of the percentage of nickel content in the bath.

ZINC NICKEL BATHS

Two primary examples of zinc nickel baths prevail. Acid
zinc nickel baths typically deposit nickel from 10 percent to
14 percent, whereas the alkaline baths deposit nickel from
the 6-percent to 15-percent range. The correlation of nickel
content (and its ideal percentage) to corrosion protection has been included in many studies, some of which are
shown in Table 1. Generally, the corrosion protection of steel
will increase with increasing nickel content up to about 15
percent, after which the deposit becomes more noble than the
substrate, losing its sacrificial properties.
Alkaline zinc nickel baths offer a ductile deposit, corrosion resistance in salt spray (ASTM B 117) up to 3,000
hours, and the ability to plate in deep, low current density
regions. Control over the nickel content, however, is a matter
of genuine concern, since higher nickel content may, for
example, lead to limited ductility (above 20-percent nickel),
or difficulty passivating the deposit, which becomes impossible in alloys containing over 25-percent nickel. For this
work, we focus on those factors that affect and control the
deposition of nickel in alkaline zinc nickel baths.

Dominant Factors Influencing Ni in the Deposit

A typical alkaline zinc nickel bath may be prepared according
to the components in Table 2.
Over the course of a bath’s life, components change or are
depleted either through consumption or dragout. This results
in change in performance of the plated parts, and requires the
proper addition or makeup of replacement materials. Because
there are so many variables, often all changing simultaneously,
it is sometimes difficult to ascribe a performance change to a
single component cause.
To track the property and material relationship in an alkaline
zinc nickel bath, we prepared a model alkaline non-cyanide
plating process. Zinc-nickel alloy thickness and percent-nickel
composition in the deposit were measured against nickel
concentration in the bath, current density, bath temperature,
sulfate, caustic and carbonate load. Samples were
prepared on steel Hull cell panels and plated at 2 amps
for 10 minutes for comparison. Metal contents and
percentages are determined by X-ray fluorescence.
Baths are prepared according to the guidance
in Table 2, except for the experimental variable.
Percentage of nickel content in the alloy is a
valuable metric in the determination of corrosion
resistance, so control of this parameter is important. Generally, it is agreed that values between
12 percent and 15 percent provide optimum
protection, with a drop in corrosion resistance in
deposits greater than 15 percent.
It is little surprise that increased nickel
content in the bath results in increased
nickel content in the deposit (see Figure 1).
Similar values were obtained in a study by
Hwa Young Lee and Sung Gyu Kim, who
measured the effect of nickel concentration on nickel content in an alkaline bath at
80°F. Lee further identified the profile of

Current Density
(A/ft2)
2
8
20
40
80

0.0
(mg/L)
11.92
12.37
13.26
14.16
15.06

2.2 × 104
(mg/L)
12
12.68
13.47
14.37
15.31

6.7 ×104
(mg/L)
12.25
12.78
13.69
14.41
15.24

Table 4: Impact of sulfate concentration on percentage of
nickel incorporated in deposit.
Table 5: Impact of carbonate concentration on percentage of
nickel incorporated in deposit.
Current
Density
(A/ft2)
2
8
20
40
80

0.0
(mg/L)

2.2 × 104
(mg/L)

4.5 × 104
(mg/L)

6.7 × 104
(mg/L)

11.92
12.37
13.26
14.16
15.06

12.7
13.25
13.8
14.48
15.24

14.8
15.04
15.04
15.2
16.01

12.9
14.25
15.14
15.99
16.81

the nickel deposition to be 85-percent nickel within the first
0.5 seconds of deposition, and then constant at a rate of 10
percent through the remainder of the deposit. Baths that fall
below a threshold of 500-ppm nickel are unable to plate into
the desired 12-percent to 15-percent goal in the bulk, regardless of current density. Baths prepared at 850-ppm nickel,
however, deposit the desired percent-nickel composition at all
current densities, while nickel-rich baths (1,500-ppm nickel
and above) plate at target concentrations at lower current
densities, but exceed the target as current densities increase.
Therefore, to meet the target of between 12-percent and
15-percent nickel, it would be necessary to maintain the nickel
concentration at 850 mg/L at a current density of between 20
and 60 A/ft2.

PLATING
Figure 1: Ni content in alloy deposits
as a function of current density and
nickel concentration in the bath.

Ni Composition (atomic %)

Figure 1

Figure 2: Impact of bath temperature
of percentage of nickel incorporation
in zinc nickel alloy deposit.

Effect of Temperature on
Nickel Content
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Another variable investigated was the
0
impact of temperature on incorporation of nickel in the deposit. For a bath
Figure 2
consisting of 7,500-ppm zinc, 850-ppm
nickel, and 10-percent proprietary
19
organics, bath temperatures varied
17
from 50°F to 100°F. The panel was
15
plated at 2 amps for 10 minutes and
13
measurements were taken at 2, 8,
11
20, 40 and 80 A/ft2. Some minor
9
influence of nickel incorporation
was observed with temperatures
7
over the range of current densi5
ties. Although our experiments
0
were not performed above 80°F
(27°C), Lee also reports a slight
rise in nickel content with
increasing temperature from 77°F through 122°F, but then a
sharp increase from 140°F and higher. This was ascribed to
the redissolution of zinc deposited by the alkali at elevated
temperature. Results are shown in Figure 2.

Effect of Caustic, Sulfate and Other Factors

The percent of nickel in the deposit was evaluated as a
function of caustic, sulfate and carbonate concentration. While
the pH of the alkaline bath is very high, the effect of caustic
concentration (as 50-percent NaOH) on nickel incorporation
was studied (see Table 3). The optimum prescribed concentration for caustic in the bath is 112 g/L. Steel panels were
run from Hull cells
containing 75 g/L,
The single most significant
and 150 g/L caustic to
influence of the nickel
observe the low and
incorporation into the
high range on perfordeposit was the concentration mance. While nickel
incorporation increased
of nickel in the plating bath.
as a function of applied
current density, very little impact on percentage of nickel in
the deposit was noticed as a result of caustic concentration.
Sulfate buildup occurs as the nickel plates over time,
leaving the residual anion. To replicate the buildup of sulfates
in the bath, additions of sodium sulfate were added to the
bath as 0 mg/L, 2.25 × 104 mg/L, and 6.74 × 104 mg/L. The
amount of nickel in the plating deposit varied only slightly
from sample to sample, and increased slightly as current

50°F
80°F
100°F
20

40
60
Current Density (A/ft2)

80

density increased (Table 4).
Finally, high concentrations of carbonates may slow plating
speeds or lead to poor cathode efficiency. Carbon dioxide reacts
with water to create carbonic acid, H2CO3, which then reacts with
the alkaline solution to form carbonates. To a smaller degree,
oxygen formed at the anode may react with organic materials
intentionally introduced to the bath as additives. Excessive agitation and high current densities also contribute to the development
of carbonate formation. Concentrations of carbonates above 75
g/L can quickly reduce plating speed. However, their impact on
nickel incorporation into the deposit is found to be minimal (see
Table 5). The percentage of nickel increases slightly at every
measured current density, and as current densities increase
within a single carbonate concentration experiment.
The factors influencing the incorporation of nickel into an
alkaline-cyanide-free zinc nickel deposit were observed under
controlled conditions. The single most significant influence of
the nickel incorporation into the deposit was the concentration of nickel in the plating bath. In all cases, an increase in
current density resulted in an increase of nickel percentage
in the deposit. Increased nickel was also observed relative to
temperature, sulfate, and carbonates, but to a smaller degree.
Within the range of caustic applied for this work, no significant
changes in nickel incorporation were observed.
Dr. Lawrence Seger, Mark Schario, Laura Bonney, Michael
Liu and Rick Livingston are with Columbia Chemical. For
information, please visit columbiachemical.com.
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