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Laboratory experiments to study the induced polarization (IP) phenomenon on natural and artificial
samples are of great importance as they can explain on the cause and nature of the phenomenon. IP
method has been the most successful in mining exploration, particularly in the search for metal oxide
and sulphide mineralizations. The Spectral Induced Polarization or Complex Impedance Method is
essentially a multi-frequency version of IP. The basic techniques for measuring complex impedance are
amplitude voltage measurement, current measurement and phase difference detection between voltage
and current as function of frequency. The device consist of two main part, the transmitter and receiver.
Transmitter transmits sinus wave current with frequency varied automatically from 0,1 Hz to 1000 Hz.
In order to improve the accuracy of the device, the high impedance differential instrumentation
amplifier are used in the receiver. The outputs from voltage amplifier and current amplifier are sent to
data logger. Experimental measurement on RC circuits were carried out to prelimininary evaluate the
performance of the device. Different type of ore bodies can be distinguished based on typical shapes of
their spectral IP responses. The result obtained by the device were found to be in good agreement with
the teoretical computation obtained on RC circuits. Overall mean error of 2 % in magnitude and 0,70 in
phase over frequency range of 0,1 Hz to 1000 Hz. The largest error in phase measurement occured at
low frequency below 1 Hz.

Copyright©2017, Suparwoto et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Laboratory measurement

study induced polarization

There are two principal effects as origin of induced
polarization phenomenon, an electrode polarization and a
membrane polarization. The electric current in the ground

phenomenon are of great importance as they can explain on
the cause and nature of the phenomenon. Spectral Induced
Polarization devices which are portable, low cost ,and capable
of performing measurement with adequate accuracy will be
highly desirable for this use. This paper describes a novel
design of a portable SIP measurement system based on
magnitude and phase difference detection. In resistivity
method, low frequency alternating current is introduced into
the ground by means of two current electrodes. The resulting
potential difference measured by means of two potential
electrodes, the apparent resistivity of the ground is
proportional to the ratio of the potential difference and the
current. Ohm’s law defines resistance in terms of the ratio
between voltage or the potential difference and the current, so
the resistivity is not depend on the frequency. However, the
real world contains circuit elements that exhibit much more
complex behavior, that is the polarization effects.
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normaly carried by ions in the electrolytes present in the pores
of rocks. If the passage of these ions is obstructed by
conducting mineral particles, wherein current conduction take
place by electrons, ionic charges pile up at the particle-
electrolyt interface.The particle is said to be polarized if the
pile up charges create a voltage thet tends to oppose the flow
of electric current across the interface. When the current is
interrupted, a residual voltage continues to exist across the
particle, due to the pile up of ionic charges on both side of the
particle. This voltage decreases gradually as the ions slowly
diffuse back into the pore electrolytes. This process takes some
seconds, and is called the induced polarization effects. This
type of polarization is called electrode polarization because it
is observed at the surface of the metal electrodes dipped in an
electrolyte. The presence of clay particles in the ground also
gives the IP effect, the phenomenon is termed membrane
polarization. The surface of the clay particle is negatively
charged and thus attracts positive ions from the electrolytes
present in the capillary pores of the clay. When an electric
current is flowed through the clay, positive ions are displaced
and on interruption of the current the positive ions redistribute
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themselves in their former equilibrium pattern. This process of
re-alignment generates a decaying voltage between two
electrodes in contact with the clay. The development of a nett
charge at the mineral ore surface affects the distribution of
ions in the surrounding interfacial region, resulting in an
increased consentration of ions in opposite charge to that of
the particle, close to the surface. Thus an electrical double
layer exists round each mineral particle. On a bare metal
immersed in an electrolyte the double layer capacitance will be
20 to 60 microFarad per centimeter square. Diffusion process
in an electrolyte can create an impedance called the Warburg-
impedance. The impedance depends on the frequency, at high
frequences the Warburg impedance is small since diffusing
reactants don’t have to move very far. The Warburg
impedance and electrical double layer capacitance causes the
impedance behavior of the ground, the resistance of the ground
are depends on the frequency. Mineral ore occurs most
commonly in nature either in the form of a vein, an ore-shoot
or in lense, which causes polarization phenomenon. The
frequency depedence of the observed apparent resistivity is
strongly controlled by the presence of the mineral ore in
nature.

Induced polarization method

If an electric current is injected into the ground by means of
two current electrodes for several seconds and then
intercepted, the voltage across the potential electrodes does not
drop to zero instantaneously. It is found that the voltage across
the potential electrodes to relax for several seconds starting
from an initial value which is a small fraction of the voltage
that existed when the current was flowing. This phenomenon
has been termed as induced polarization (IP). There are three
method of IP survey, i.e. Time Domain IP, Frequency Domain
IP and Spectral IP. Time Domain IP, measures the integrated
area under an IP decay curve between t; and t, normalized by
the primary voltage, the parameter is called as chargeability
(M). The unit of M is milisecond. Frequency Domain IP,
measure the resistivity of the ground in two frequencies, low
frequency (0,1 Hz) and high frequency (10 Hz). The parameter
is called Percent Frequency Effect (PFE), i.e.the difference
between low frequency resistivity and high frequency
resistivity divided by high frequency resistivity multiplied by
100 %, the unit is in percent. Spectral IP, measures impedance
of the ground and phase difference between current and
voltage as function of frequency, the frequency range between
0,1 Hz to 1000 Hz. The result of this measurement are
impedance and phase spectral.

Instrument design and calibration

The spectral induced polarization instruments consists of two
main parts, namely the current transmitter and the voltage
measurement section. The current transmitter section generate
sinus wave current with frequency can be varied from 0,1 Hz
to 1000 Hz. To reduce measurement time, frequency
variatiaon is done discretly. For example in the range of 1 Hz
to 10 Hz, the current source generates alternating current with
frequency of 1 Hz, 2 Hz, 3 Hz and so on up to 10 Hz emitted
in series. The time interval for each frequency emition is set
for twice the period of the wave. Thus, in the frequency range
of 0,1 Hz to 1000 Hz, the current source generates 40 kinds of
sine wave emitted serialy. The blok diagram of the transmitter
section is presented in Figure 1. The main component of the

transmitter parts is a Function Generator IC, XR 2206 type,
installed in a configuration of Voltage Controlled Oscillator
(VCO). Electronic circuit consisting of a decade counter IC
and Digital to Analog Converter IC, generates voltage out put
as a voltage ladder or stair case. The voltage ladder out put are
used to control the VCO, so the IC XR 2206 generates sine
waves out put whose frequency changes higher and higher,
Figure 2.
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Figure 1. Blok diagram of the transmitter

Figure 2. The output of the transmitter

The second part of the SIP instrument is the receiver or
measuring voltage. This section is a voltage amplifier system
that has high gain, high input impedance and a differential
input system. The value of the current through the medium
and voltage arising on it, are recorded simultaneously on the
data logger. Therefore, it can be calculated the impedance
value as a function of frequency and phase different between
current and voltage as a function of frequency. In other words,
the results obtained from the SIP methods are impedance
spectra and phase spectra of the medium. Calibration of the
SIP instrument is done by installing the known measuring
object on the output lines (C1 and C2)., Figure 3. The first
object of measurement is known resistor value of its resistance
is 1000 ohm. Theoretically impedance spectra resulting from
the measurement is a straight horizontal line shows 1000 ohm
resistance value, and is accordance with the experiment result,
Figure 4. Likewise, the phase difference spectra measurement
results indicate a straight horizontal line shows zero degree
value.
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Figure 3. Calibration using known resistor Blok diagram
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Figure 4. Impedance and phase spectra Experiment result

The equivalent circuit for a simplified Randle Cell is shown in
Figure 5. Rg is solution resistance, conected in series with
resistance of charge transfer Rcr , the double layer capactance
CpL is in parallel with the charge transfer resistance.
Theoritically the value of the Randle Cell circuit can be
calculated, as expressed in equation 1, equation 2 and equation
3, equation 4,for impedance, real part, imaginary part and
phase respectively. Figure 6, is blok diagram of the SIP
instrument calibration using Randle Cell Circuit as load. The
impedance spectra and phase spectra of the Randle Cell
presented on Figure 7. The spectra from the calculation
reperesented by graph with a dotted line, while the data of the
experimental results represented by red and blue data points.
Data measurement results is in accordance with the results of
theoretical calculations. The standard error of impedance
measurement less than 2%, standard erro of phase
measurement less than 0,7°.
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Figure 5. Equivalent circuit of Randle Cell
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Rocks sample sip measurement

After calibration, the SIP instrument used to measure the
polarization effects of rock samples were put in the water as
solution. Measurement using porous-pot electrode as potential
electrode. The blok diagram of measurement presented on
Figure 8. The photo of rock sample presented on Figure 9. SIP
measurement before the rock sample is inserted into the water,
giving the results of impedance and phase spectra are straight
lines, so there were no polarization effects. SIP measurement
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after the rock sampel is inserted into the water giving the
results of spectra as shown in Figure 10. Figure 10 shows the
polarization effects of the rock sample, that is the impedance
values are declining at higher frequency, and phase spectra
have a maximum value.
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Figure 8. Blok diagram of sampel measurement

Figure 9. The photo of rock sampel, galena
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Figure 10. The impedance and phase spectra of galena rock
sample. Red graph is the impedance, blue graph is the phase
difference

Conclusion

From the research presented, it can be concluded that:
e SIP instrument that has been made succesfully measure
the polarization effets of the rock sample.
e Error on the instrument can be reduced by using low
noise amplifier
e Further resarch can be done using this SIP instrument.
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