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ABSTRACT

Coulometric technique of thickness measurement is based on Faraday’s first law of
electrolysis. This method involves the measurement of quantity of electricity required to
dissolve the coating anodically from a known area of the sample.   Several factors affect
the accuracy of the method. This paper describes the design and development of a PC
based Coulometric thickness gauge. A software package has been developed to run the
experiments automatically. The results obtained using the developed instrument have
been presented.

1. INTRODUCTION
Coatings are applied to the substrates to improve their properties such as corrosion

protection, reflectivity, wear resistance, colour etc. Coating thickness is an important parameter,
which is critical to the utility and cost of the product. So it has received a lot of attention in
the field of metal finishing and corrosion protection. Several techniques have been developed
to evaluate the coating thickness1-5. They are broadly classified in to two groups namely (1)
nondestructive tests and (2) destructive tests. Magnetic methods, beta backscatter, eddy current,
ultrasonic and X-ray fluorescence are classified under nondestructive methods. Drop test,
gravimetric method, microscopic method and coulometric method fall under destructive tests.
Even though non-destructive test methods have gain importance over last three decades,
coulometric technique has not lost its importance due to the inherent advantages of the method.
Recently DR Gabe has reviewed the design aspect of the coulometric dissolution method for
thickness testing 6. This paper deals with the design and development of a PC based coulometric
thickness gauge.

2. PRINCIPLE
Coulometric thickness gauge works on Faraday’s first law of electrolysis. Under this

method the thickness of coating is determined by measuring the quantity of electricity required
to dissolve the coating anodically from an accurately defined area. Mathematically the thickness
is given by the following equation

eitη
d = -------- where

ρA
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‘d’ is thickness
‘e’ is electrochemical equivalent of the coated material
‘i’ is constant current
‘t’ is time
‘η’ is efficiency of the process
‘ρ’ is density of coating and
‘A’ is test area.

In common practice the technique employs a small metal cell to hold the electrolyte. The
coated surface serves as the bottom of the cell. An insulating gasket between cell and the
specimen defines the test area. With the specimen as the anode and the cell as cathode a constant
current is passed through the cell till the coating dissolves. A sudden change in cell voltage
indicates the completion of the stripping process. Even though this technique is absolute and
does not require standardization6, normally the instruments are calibrated with known thickness
standards.

3. FACTORS AFFECTING ACCURACY
Several factors affect the accuracy of the test method7 and following are some of the

precautionary measures to be taken prior to the experiment. The electrolyte employed in the
process must have 100% anodic current efficiency and it should not chemically attack the
coating. In case of chemical attack a proper inhibitor is to be used in the electrolyte. The
current passed during the dissolution must be constant, the variation of which will lead to
error in thickness value. The test area should be known and accurately defined. In most of
the experiments agitation has to be provided during dissolution. The test area should be free
from oil, grease and other impurities. This technique intrinsically measures coating mass per
unit area. So to get error free results, density of the coating should have the same density
value used for calibration. Since this method measures local thickness, it is better to repeat
the experiment at different areas and get the average thickness calculated.

4. THE INSTRUMENT
The instrument mainly consists of a stripping cell and electronic hardware. Software has

been developed that controls the stripping process and calculates the thickness.

The cell is made of stainless steel material. A rubber gasket with a circular aperture that
defines the test area is attached to the bottom of the cell. The cell when pressed on to the test
specimen restricts the electrolyte on the test area.
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Fig.1. : Block diagram of the electronic circuit

PC Based Coulometric Thickness Gauge



34

START

STOP

SELECT CURRENT RANGE
FEED CROSS OVER VOLTAGE (V)

FEED CONSTANT (K)

ENERGISE STRIPPING CIRCUIT
INITIALIZE TIMER

READ THE CELL VOLTAGE (Vc)

IS

Vc = V

DE-ENERGISE STRIPPING
CIRCUIT

READ THE TIME

CALCULATE AND DISPLAY
THICKNESS IN MICRONS

Fig.2. : Flow chart of the control software

5. ELECTRONIC HARDWARE
Figure 1 shows the block diagram of the electronic circuit. It mainly consists of a 12 bit

digital to analog converter (DAC), a programmable constant current source, a differential
amplifier and a 12 bit analog to digital converter (ADC). DAC output controls the constant
current source. The current source has been designed for three fixed output values, namely
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1mA, 5mA and 10mA depending on the DAC output. The constant current thus generated is
applied to the stripping cell. The differential amplifier further processes cell voltage. ADC
continuously monitors the cell voltage through the differential amplifier. At the end of stripping
DAC is de-energised and the cell current is cut off.

6. SOFTWARE

A menu driven, user-friendly software developed in ‘C’ controls the entire stripping
process. Figure 2 shows the flow chart of the software. In the first menu the user has to
select the current value (i), feed cross over voltage (V) and the experimental constant (K).
These values are specific for a substrate-coating combination and the ‘help’ menu to select
these parameters guides the operator. After feeding the constants, ‘start’ button energises the
stripping circuit simultaneously initiating a timer. ADC continuously monitors the cell voltage
and when it becomes equal to the cross over voltage the DAC is de-activated and the stripping
process stops. During stripping, the start time, cell voltage and real time are continuously
displayed on the terminal. When the stripping ends software calculates and displays the coating
thickness in microns.

All the details required by the user for the experiment are stored in a data file that can be
accessed with the ‘help’ menu. The data file contains details such as electrolyte preparation
and selection, the current range selection, the cross over voltage value and the experimental
constant for different substrate-coating combinations.

7. EXPERIMENTAL

Selection of cross over voltage ‘V:

Crossover voltage is the cell voltage at which stripping is complete and the substrate is
exposed. This is found out for substrate-coating combinations using appropriate electrolyte at
a specific current density. The experiments were carried out using the experimental cell. During
stripping the cell voltage is noted against time till the coating dissolves. A graph of voltage
verses time is plotted. From the plot the cross over voltage is obtained.

The developed instrument was used to evaluate thickness of metallic coatings on different
substrates.

Thickness of zinc on steel : Experiments were carried out under following conditions.

Electrolyte used :         100 grams/litre NaCl

Test area :         3.14 x 10-6M2

Current used :         5mA

Agitation :         Air bubbling

The experiment was repeated on three different areas and the average value was
calculated.

Thickness of Ni on copper : Experiments were conducted under following conditions.

Electrolyte used      : (30 gms of NH
4
NO

3
+30 gms of

NaCNS)/litre.
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Test area : 3.14x10-6M2

Current used : 5mA

Agitation : Air bubbling

The experiment was repeated at three different areas and the average value is
calculated.

Thickness of Zn on copper : Experiments were conducted under following conditions.

Electrolyte used : 100 grams/litre NaCl

Test area : 3.14 x 10-6M2

Current used : 5mA

Agitation : Air bubbling

The experiment was repeated at three different areas and the average value is
calculated.

8. RESULTS AND CONCLUSION
Results obtained using the developed instrument were compared with the results obtained

by X-ray fluorescence technique. Table 1 presents the results. Columns 3 and 4 of the table
show the thickness values obtained using XRF technique and using developed instrument
respectively.  It can be seen that the values are in good agreement that shows the satisfactory
working of the developed coulometric thickness gauge.

Table 1 : Experimental results

Sustrate Coatin Thickness value Thickness value
Using XRF Using Instrument

Mild steel Zinc 2.73 µ 2.81 µ

Copper Nickel 2.22 µ 2.27 µ

Copper Zinc 1.54 µ 1.56 µ
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