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Abstract

The Cyclic Voltammetric Stripping (CVS) technique was

evaluated for the monitoring of organic additives in bright and
semi-bright nickel plating solutions. Results are presented,

which indicate that the organic additives used in nickel

plating cause changes in the structure of the nickel coating,
and/or changes in the polarization during plating onto a

platinum working electrode. Analytical procedures based on CVS

have been developed to monitor the effective additive

concentration levels in the plating bath, utilizing these

polarization and structure changes. In this study, class I and
class II additives were evaluated individually and in various
combinations. A comparison of CVS and Hull cell techniques was
performed and results are discussed.

Introduction

Quality, cost savings and control are the key ingredients in
any modern, successful plating shop. The search for these

pillars of success has been a driving force in the rapid
advances seen in the electronics and the metal finishing

industries. The application of the Cyclic Voltammetric

Stripping (CVS) to plating bath analysis represents one such
advance. The CVS technique [1] has emerged as one of the most
promising analytical tools to aid platers in achieving these
goals.

Since its introduction in 1977, CVS has been routinely used
for control of copper pyrophosphate and acid copper sulfate
plating solutions, providing scores of platers with the

quantitative analytical technique they have been looking for.
Over the years, work at Rockwell, UPA, as well as a number of



other companies, has led to about 40 articles* and written
procedures for analysis of various additives and their

components in copper pyrophosphate and acid copper sulfate

plating baths [2]. Application of CVS within the

copper-plating community has helped a number of platers to
re-discover some basic rules of electroplating: cleanliness,
regular maintanance of the bath including proper analysis, and
timely and appropriate additions of bath components.

Rediscovering these basics, which are often forgotten, coupled
with tight control over all of the bath parameters, led to

considerable improvements of yields, quality, as well as

decreased reject rates, decreased usage of additives, and more
effective carbon treatments generally at less frequent

intervals; all leading to substantial monetary savings.

Recently, the CVS method has been extended to the analysis of
nickel plating baths [2,3]. Nickel plating is presently one of
the most important and wide-spread plating processes. Nickel

plating is used primarily for corrosion protection and/or
diffusion barrier layer. A host of additives have been

employed in nickel plating baths and classified as class I or
class II brighteners [4]. Usage of most additives leads to

codeposition of sulfur or carbonaceous material into the plate,
affecting the brightness, stress and corrosion resistance of
the plating.

This paper Will concentrate on expanding the preliminary
results reported earlier. The effect of the class I and class

II brighteners on nickel voltammograms will be discussed and
linked to structural changes in the nickel deposit. Also

discussed Will be approaches to the analysis of these

brighteners in the nickel plating solutions.

Principles of CVS Analysis

The Cyclic Voltammetric Stripping (CVS) analysis of organic
additives is based on the effect these compounds exert on

electrodeposition of the metal, i.e. CU or Ni. The

voltammetric cycle consists of varying the potential of a

rotating platinum electrode between negative and positive

potential limits, alternately plating and stripping the small

quantities of metal to and from the platinum electrode. The

total charge required to dissolve the metal back into the

solution is automatically measured by integrating the stripping
peak (see Figure 1). The charge (AR) can then be related to
the concentration of the additive in the plating bath.

Techniques used for the analysis of various copper plating

* Actual up-to-date bibliography can be obtained from UPA

Technology, Inc.
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Results and Discussion

A. Class I Brighteners

A number of proprietary additives used for electrodeposition

of bright nickel contain saccharin, a class I brightener [4].
Figure 2 shows a voltammogram obtained for a Watt's nickel

virgin solution without any additive. A number of small peaks

are present on the voltammogram. The predominant one, however,

appears at about 1.1V VS SCE. This peak corresponds to the
dissolution of the majority of nickel from the rotating

platinum electrode (RPE). The peak is often broad and not well

defined, overlapping the background signal. Visual inspection
Of the RPE, when removed from solution at the positive

potential limit Of 1.75V, confirms complete dissolution of

nickel.

Addition of saccharin or a saccharin containing additive to

the virgin nickel plating solution causes drastic alternation
in the shape of the voltammogram (see Figure 3). The stripping
peak is shifted from 1.1V to about 0.3V when a small amount of
saccharin is added. After the peak is completely shifted to

the lower potential, further additions of saccharin or

saccharin containing additives produce no visible change in

voltammogram, even with amounts well beyond manufacturer's

recommendation. For the given additive, the shift of peak was

completed with about 5% of the recommended amount of additive.

This shift of the stripping peak to a lower potential

indicates that lower energy is needed to dissolve nickel plated
from a solution containing saccharin. This conclusion is

consistent with the observations that sulfur is codeposited

along with nickel, when bright nickel is plated from saccharin

containing Watt's bath. In addition, the change in the

voltammogram agrees well with the studies indicating that

sulfur containing bright nickel provides lower corrosion

protection than the sulfur-free semibright nickel.

In addition to sodium saccharin and proprietary additives

known to contain saccharin, several other compounds, classified
as class I brighteners, such as di- and tri-naphthalene

sulfonic acids and sodium allyl sulfonate, and some

non-saccharin proprietary additives were tested as well. All

of the compounds tested (except sodium allyl sulfonate, which
Will be mentioned later) behave in the same manner as

saccharin, and can therefore be determined using the procedure
presented in this paper.

This shift of the stripping potential peak can be used for
quantitative determination of all class I additives in Watt's
nickel baths. To analyze a solution, one would measure the
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total charge, AR' needed to strip the nickel at the lower

potential (integrating the stripping current up to 0.5V vs.

SCE), and plot the value of AR as a function of the

concentration of saccharin or class I additive. Figure 4 shows

AR values measured when a synthetic Watt's nickel solution
with 20ml/1 of saccharin containing additive is added to a

virgin Watt's solution. The total amount of nickel plated onto

the electrode, as monitored by measuring stripping charge up to

a potential of 1.25V, is virtually unaffected by the addition

of saccharin containing additive component.

Based on the curve shown in Figure 4, we have developed an

analytical procedure for determination of the effective

concentration of class I brighteners in Watt's nickel

production solutions. The technique is similiar to the

previously introduced dilution titration method, used for

analysis of "suppressors" (wetters and carriers) in acid copper
sulfate plating baths, with slightly modified end-point

detection. This technique can be used because drastic changes

in stripping charge are observed at solution concentrations
considerably lower than manufacturers' recommended levels.

To perform the analysis, one starts with known volume of

virgin Watt's nickel electrolyte in the cell (concentration of

Ni S04, NiC 12 and H3B03 should be close to those used in

production solution). After conditioning the system to

stability, the electrode potential is continuously cycled at
200mV/s between the limits of -1.30V and +1.75V. Small volumes

of the production solution (generally 2-5 ml additions to 200ml
of virgin solution) are then added after every second cycle,
and AR values, obtained by integration of stripping current
UP to 0.5V, are recorded. The curve resulting by plotting

these AR values as a function Of added volume of the

production solution (see Figure 5) is then used to calculate
effective concentration of class I additive in the production
solution, using the equation:

Zp (Vsoln + Vend)
conc. of additive =

Vend (1)

where: V

V

Z

soln

end

P

volume of virgin solution used

volume of production solution needed to
reach endpoint

concentration of saccharin or class I

additive at the endpoint, as determined

from calibration curve.
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The production solution was actually a test solution

containing 1.5% of additive. Tests with actual production

solutions are presently under way.

B. Class II Brighteners

The secondary brighteners, added in most bright nickel

systems to attain levels of luster not achievable by primary
(class I) brighteners, introduce carbonaceous material into the

deposit and have been classified as class II brighteners [4].

The CVS behaviour of these compounds is completely different
than that exhibited by class I brighteners. Figures 7 and 8
show the effect of secondary brightener additions on the

voltammogram of nickel in Watt's baths with and without class I

brightener present. The class II brighteners (primarily

unsaturated organic compounds) increase the polarization of

nickel plating, thus decreasing the amount of nickel plated as
their concentration increases. This increase in polarization

was observed regardless of the presence or absence of class I

brightener, as can be seen from Figures 7 and 8. A plot of

AR VS concentration of class II brightener, in solution

containing 20ml/1 of class I brightener is shown in Figure 9.
As can be seen from this curve, decrease in AR eventually

saturates, at concentrations beyond the manufacturer's

recommended levels (in this case recommended concenteration is

1.25-3 ml/1).

The effective concentration of the class II brightener can be
determined directly fom a calibration curve (such as shown in
Figure 9), or by adding known amounts of the brightener

directly to the production solution until the saturation is
reached.

The determination of the effective concentration of the class

II brighteners by the latter procedure is similar to the

dilution titration technique used to determine class I

brighteners. Here, however, small amounts of class II

brightener are added directly to the production solution

(instead of adding production solution to the virgin make-up),
until further additions do not change the AR value. The

end-point, Vs, is the intercept of the vertical and

horizontal segments of the curve, rather than 50% of the final

AR value. The concentration of the class II brightener in
the production solution can then be calculated from the

equation:

VS
conc. of class II brightener = Zs -

Vsoln + VS (3)
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where Z

V

V

s: is the concentration of class II

brightener at saturation

soln: is the initial volume Of production
solution used

s: is the volume of class II brightener added
to the production solution to reach

saturation.

The concentration of the class II brightener at the

saturation, ZS, is determined by adding known amount of

brightener to the virgin bath (calibration) and calculating

Zs from the equation (4):

Z 1000ml/1. Vend
S -

Vsoln + Vend (4)

where: Vsoln = volume of virgin make-up used
Vend = volume of brightener needed to reach

endpoint.

The endpoint used in this case is the saturation value,
described above.

At the present time, experiments are being carried out to

test this technique with different production solutions and to

determine the effect of varying bath composition. Some effects

from differing nickel and chloride concentrations are

expected. The magnitude of these effects, however, has not yet

been established.

Sodium Allyl Sulfonate

As mentioned earlier, sodium allyl sulfonate was tested

together with other class I brighteners, but was found to

behave differently than the rest of the class I brighteners
tested. Since sodium allyl sulfonate contains a sulfonate

group with C =C bond attached to it, it is classified as a
class I brightener. Sodium allyl sulphonate, same as other

unsaturated aliphatic sulfonic acids [4], give brighter plates,
under the same conditions than benzene and naphthalene sulfonic
acids do, because it introduces to the nickel deposit

carbonaceous materials in addition to sulfur.

Voltammetrically, sodium allyl sulfonate is expected to

exhibit the behaviour of both - class I and class II

brighteners. As can be seen from Figure 10, this has been

confirmed. Sodium allyl solfonate increases the polarization

of the nickel deposit the same way class II brighteners do, and
at the same time, changes the structure of nickel deposit

through codeposition of sulfur as class I brighteners do.
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