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Abstract: The objective of this paper is to qualify the “Alkaline Zinc non-cyanide electroplating”using Taguchi
techniques and find the best factor combination for the process and recommend it for continuous usage. In
Electro plating, one metal is coated with another metal, for many reasons such as increasing corrosion
resistance, improving the appearance of the metal, change in chemical properties etc.., In present days,
electroplating is widely used in a various Industries. It is an important process to be carried out on the products
in metal based product producing companies.By using Taguchi method of Design of Experiments, Alkaline Zinc
non-cyanide Electroplating is optimized for getting a larger thickness of coating in the base material.
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INTRODUCTION Now a day’s electroplating became a more efficient

Electroplating: Electroplating is the process of plating electroplating is cost is reduced and increase the electrical
one metal on another by electric current. A thin layer of conductivity and also reduce the frictional coefficient
different metal is coated on an object. The anode will get between the pieces. In current days electroplating is used
deposited on the cathode. It is based on the principle of in a various industries like automobiles, aircrafts, toys and
Electrodeposition. The rate at which anode is dissolved jewelry [5].
is equal to the rate at which cathode is plated [1].

Generally electroplating is the reverse reaction of a Choosing of Electrolyte: Choosing an electrolyte is very
galvanic cell. Here cyanide is used for anode corrosion important for the quality and life of the plating, because
and also maintain the constant metal ion level [2]. plating quality depends only on the type of electrolyte to

The number of electrons provide  from  the  battery is be used. Generally electrolytes may be acids or bases,
directly proportional to the amount of metal deposited. metal salts or molten salts. Before selecting the electrolyte
This statement similar to the Faradays law of electrolytes corrosion resistance, brightness, reflectivity, hardness,
[3]. The main objective of the electroplating is to provide wear resistance should be considered.
better physical appearance and protect from corrosion
and give the special and mechanical properties. It makes Types of Electroplating: There are four types of
the old metal to new  looking  metal.  Electroplating electroplating is available, namely mass plating, rack
increases the heat resistance  and  reduces  the  abrasive plating, continuous plating, line plating. Mass plating is
resistance [4]. There are many specific types in also called barrel plating because this type of plating is
electroplating such as copper plating, zinc plating, silver widely used in mass production. Second one is rack
plating, chromium plating. This process is undergone by plating, this plating is a somewhat expensive process.
using zinc as an anode. Continuous plating is cheaper than rack plating. Line

Generally in electroplating process electrons are plating is rarely used.
transformed from anode to cathode. Here electrical
oxidation of anions onto solid objects was taken place. Surface Preparation: Surface preparation is important for
The main purpose of the electroplating is to build up the electroplating because before starting the electroplating
thickness. surface  should  be  clean  and free from dust particles and

and more Ecofriendly method. The benefits obtained from
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odor also be free from contaminants. There are three steps High zinc metal concentrations have the opposite
for surface preparation first one is cleaning second one is effect on performance and are recommended for
treatment and the third one is rinsing. Cleaning is more installations where the highest possible operating
essential for surface preparation. There are two types of cathode efficiency and plating speed are required and a
cleaning is there, one is physical cleaning and another less uniform deposit thickness is not significantly
one is chemical cleaning. Physical cleaning is done by detrimental.
using mechanical energy and chemical cleaning is done
by using chemicals. Caustic Soda: Use only high purity grades of sodium

Plating Metals: There are several coating types are maintenance.Caustic soda is necessary for conductivity
available. First one is sacrificial coating, in this type of and to promote anode dissolution [8]. Low caustic soda
coating used to only protect the metal from corrosion. The concentrations decrease both bath conductivity and the
most common metal used in this coating is zinc and chemical dissolving of zinc anodes in the operating
cadmium. And second one is decorative coating, this solution. A low concentration causes polarized anodes,
coating is used only for physical appearance and higher than normal voltages necessary to draw the correct
attraction of the object. The most commonly used metals amperage, a tendency for the zinc metal to decrease
for this coating is Tin, copper, nickel, chromium and zinc. during operation and poor throwing capabilities [9].
Next one is functional coating, this coating is mainly High caustic soda concentrations decrease overall
based on the functionality of the metals [6]. deposit brightness and can cause an increase in the

A metal used for this coating is Gold, Silver, platinum. concentration of zinc metal in the solution. As a rule, the
Next one is a minor metal coating, the main advantage of caustic soda should be maintained at a concentration just
this coating is easy to be plated. But this coating method high enough to deep the zinc metal within the range
is rarely used. The minor metal coating is mainly used needed to produce the proper plating quality. 
cobalt, indium, Iron.

Another coating type is unusual metal coating, this
method is more rarely used. A metal used in this method
is As, Sb, Bi, W, Mn, V. The last method is alloy coating.
In this method two or more metals to be plated by using
one cell. Generally, this coating is made by plating two
metals in the same cell. Here combined metal coating is to
be done like Au-Cu-Cd, Zn-Co, Zn-N [7].

Alkaline Zinc Non-cyanide Electro Plating 
Solution Components
Zinc Metal: The concentration of zinc metal maintained in
the plating solution will determine the maximum current
density that can be used in production without
polarization. It will also influence the cathode efficiency
and the throwing and covering power. The optimum
concentration of zinc metal for a given installation will
depend on the following factors: part configuration,
throwing and covering power required and plating speed. Fig. 1: Experimental Setup

Low zinc metal concentrations decrease cathode
efficiency and  covering  power  but  improve  the Taguchi Method: Taguchi technique is a methodology
throwing power. A low zinc metal concentration is used to find an optimum value of control factors for a
suggested for situations where the most uniform deposit process for a required response. It is an important tool for
thickness is desired, increased throwing power is required Robust Design [10]. It makes the process or the product
and where slightly lower cathode efficiency is not quality independent from noise factors, by design using
objectionable. the  orthogonal  array.  Classic   experiment  designs  need

hydroxide (caustic soda) for plating bath makeup and
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many numbers of experiments, whereas Taguchi method Analysis of Variance: The purpose of product or process
reduces the experiment count by quarter portion. The
ANOVA(Analysis Of Variance) is done with this. Taguchi
Technique is used to plan the experiments in following
steps.

System design
Parameter design
Tolerance design

It involves the technique of matrix experiments.
Taguchi suggests signal-noise ratio (S/N) as an important
function of the experiment. It can be expressed as follows
[11]. Complete data analysis to determine the effect of the
different parameters on the performance measure. The
*pictorial depiction of Taguchi method and additional
possible steps, depending on the complexity of the
analysis is given in the form of a flow chart.

Characteristics:
Define the process objective, or more specifically, a
target value for a performance measure of the
process. The target of a process may also be a
minimum or maximum. The deviation in the
performance characteristic from the target value is
used to define the loss function of the process.
Determine the design parameters affecting the
process. Parameters are variables within the process
that affect the performance measure that can be
easily controlled. The number of levels that the
parameters should be varied at must be specified.
Create orthogonal arrays for the parameter design
indicating the number of and conditions for each
experiment. The selection of orthogonal arrays is
based on the number of parameters and the levels of
variation for each parameter and will be expounded
below.

Robust Design: A method to achieve product or process
quality through designing in an insensitivity noise based
on statistical principles.

Orthogonal Array: Classical experiment designs have
very complex designs and employs difficult calculations.
Taguchi method is flexible and simple in design. It has a
specially designed orthogonal array for computations.
Orthogonal arrays are used to study all the available
factors [12]. Taguchi's orthogonal arrays are highly
fractional orthogonal designs. These designs can be used
to estimate the main effects using only a few experimental
runs.

development is to improve the performance characteristics
of the product or process relative to customer needs and
expectation. The purpose of experimentation should be to
reduce and control variation of a product or process and
decide which parameter affects the performance of the
product or process. Analysis of variance (ANOVA) is a
statistical method used to interpret experimented data and
make decisions about three parameters.

Softwares
Minitab: Minitab is a general purpose statistical software
package designed for easy interactive use. Minitab was
originally designed as a tool which is to be used in
teaching statistics. Its useful features make it well suited
for instructional applications. Minitab is also sufficiently
powerful tool that it is also used by many people in
analyzing research data.

Applications
Data and File Management - spreadsheet for better
data analysis.
Tables and Graphs
Multivariate Analysis - includes factors,
correspondence, cluster analysis, etc.
Analysis of Variance - to determine the difference
between data points.

Selectionofparameters: Initially, the factor values are
decided by means of reference and brain storming
method.

Table 1: Levels and factors in Electroplating

Levels
--------------------------------

Factors Level 1 Level 2

Current density (A) 1.5 2
Electrode distance (B) 6 8
Metallic zinc (C) 10 12
Caustic soda (D) 110 120
Time immersed in the solution (E) 15 20
Additive (F) 10 15

Experimental Work 
Specimen Preparation: The Mild Steel specimens of
diameter 32 mm was taken (2 specimens for each value and
32 test specimen) and it was grinded to 30 mm using
centreless grinding machine with a tolerance of+/-5
microns.
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Alkaline Zinc non-cyanide Plating: The surface of the
material was rinsed, cleaned and allowed to dry.Based on
the DOE, the experiments were conducted randomly for
the Current density, electrode distance, Metallic zinc,
caustic soda, time and additive.For every experimenttwo
specimens were coated.

Measurement: After all the experiments were conducted,
The two sets of cylindrical specimen was measured by
using a digital vernier caliper with a range of +/-0.001 mm,
the increase in diameter can be easily measured. By those
readings (Average for the two sets of specimen),
thickness of the coating can be found out in Microns.

Methodology: Factor values are given to Minitab and the
design of  the  experiment  was  created  by  using this.
The Minitab gives the values of the factors. For this
value, the factors are changed and the electroplating was
made of a material. By checking the thickness of the
plating, the response values can be noted.

O p e n t h e n e w  w o r k s h e e t
(ELECTROPLATNG.MTW). The design and
response data have to be given.
Choose Stat > DOE > Taguchi > Analyze Taguchi
Design.
Click Graphs. Under Generate plots of main effects
and selected interactions for, check Standard
deviations. (Make sure Signal to Noise ratios and
Slopes are checked).
Check Display scatter plots with fitted lines. Click
OK.
Click Analysis. Under Display response tables for,
check Standard deviations. (Make sure Signal to
Noise ratios and Slopes are checked.
Under Fit linear model for, check Signal to Noise
ratios, Slopes and Standard deviations
Click OK in each dialog box.

RESULTS AND DISCUSSIONS

Influence of the Process Parameters on the Coating
Thickness: From the Table 2, it can be seen that the
thickness of electro plating 10  factor gives the optimumth

value of the electroplating coating. We know that,
maximum thickness of coating is what we need, larger is
better is taken. Thus, it can be concluded that these
values can be used for the best result.

Table 2: Coating Thickness in Taguchi L  array16

Fig. 2: Experimental Vs Coating thickness(Microns)

Analysis of the S/N Ratio: The Taguchi method uses S/N
ratio instead of the average value to interpret the trial
results data into a value for the evaluation, characteristic
in the optimum setting analysis This is because the S/N
ratio can reflect both average and variation of the quality
characteristics.

In the present work, the optimization of electroplating
process parameters using Taguchi’s robust design
methodology characteristics is proposed.

Table 3: Response Table for Signal to Noise Ratios

Level A B C D E F

1 15.15 14.81 15.37 14.81 15.82 15.37
2 15.90 16.25 15.68 16.25 15.23 15.69
Delta 0.75 1.44 0.31 1.44 0.59 0.32
Rank 3 2 6 1 4 5
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Table 4: Response Table for Means

Level A B C D E F

1 5.787 5.528 5.994 5.509 6.275 5.912
2 6.334 6.594 6.128 6.613 5.847 6.209
Delta 0.547 1.066 0.134 1.103 0.428 0.297
Rank 3 2 6 1 4 5

Fig. 3: Main Effects plot for means

Fig. 4: Residual Plots for S/N ratios

Fig. 5: Main effects plot for S/N ratios
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Fig. 6: Interaction plot for S/N ratios

Analysis of Variance: In order to find out statistical
significance of various factors likeCurrent density (A),
Electrode distance (B), Metallic zinc (C), Caustic soda (D),
Time immersed in the solution (E), Additive (F), A_B,
A_D, A_E,A_F, B_E and B_F On coating thickness,
analysis of variance (ANOVA) is performed on
experimental data.

Table 5 shows the results of the ANOVA with the
coating thickness.This analysis is undertaken for 5%
confidence level of significance.

The last column of the table indicates that Electrode
distance (B), Caustic soda (D), A_F interaction is highly
significant. Fig. 7: Percentage of contributions

Table 5: Analysis of Variance for the Coating thickness CONCLUSION

 The following conclusions can be drawn from the
present investigation on alkaline zinc non-cyanide coating
at different process parameters:

Electrode distance (B) and Caustic soda (D) is the
main factor, which is highly influencing in coating
thickness.
The coating thickness will increase with increase in
Current density (A) and Additive (F).

The results clearly show the values giving the
optimum result for electroplating. So, it is recommended
that these values can be used for the best results.
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