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Abstract

In the past, we could never imagine buying drinkable water. Who would buy to drink water? But
now, bottled water are sold just about anywhere in the world, but there are still many countries
with water supply shortages. When drinking water is contaminated with microorganisms, it can
be exposed to various diseases such as hepatitis, cholera, diarrhea, and typhoid fever. We are
not only interested in drinking water, but also the water used in bathrooms, gardens, and laundry
of each household. We mention “water quality” because all of these kinds of water are enough
to give us a direct stimulus such as odors and greens. When we use tap water in each household,
the most direct irritation is the “smell”. In this case, we know that chlorine comes to mind first,
and that chlorine is very useful in disinfection. Then, why are we sensitive to toxic odors in
drinking water or swimming pools? The answer is simple. The effect of disinfecting with chlorine
is only exerted in clear water, and we need to focus on the analysis of residual chlorine that is
important for instrumental analysis. Therefore, what is introduced in this study is a “residual
chlorine sensor” of a new constant voltage method that can be more accurate in measuring the
amount of residual chlorine in water which is the most important factor when it comes to
effectively disinfecting our drinking water.

Keywords: water quality, residual chlorine sensor, constant voltage method, water disinfection,
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Introduction

There are numerous methods of disinfection, but chlorination is the most commonly used
method, while the sedimentation-filtration-disinfection progressive method is widely used for
improving the quality of drinking water. This principle is simple. When chlorine comes into direct
contact with microorganisms in water, it destroys the cellular structure of the microorganisms,
giving the effect of disinfection. In general, residual chlorine is the effective chlorine remaining
in the water as a result of chlorination such as the free residual chlorine (Clz, HOCI, OCI"); free
chlorine and the combined residual chlorine (NH.Cl, NHCI, NCls); chloramine. The amount of
residual chlorine remaining 30 minutes after adding chlorine is expressed in ppm or mg/L. Free
residual chlorine follows the reaction of Cl, + H,O < HOCI1 + H*+ Cl, and when the pH increases,
HOCI changes to HOCI «» H*+ OCI" and exists in the form of HOCI and OCI" in water [1,2].

Combined residual chlorine reacts when ammonia is present in water as follows: NH3 +
HOCI — NHxCI + H,0 (pH 8.5 or higher), NH>Cl + HOCl — NHCI; + H.O (pH 4.5), NHClI, +
HOCL — NCL3 + HO (pH 4.4 or less). According to the reaction of NClz + H,O (pH 4.4 or
less), it is classified into NH2CI, NHCI, and NCIs, and these three are called combined residual
chlorine [3]. These two types of residual chlorine both have oxidizing power and are chemically
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different from chlorine ions. Free residual chlorine has strong sterilization power, but most
quickly disappears from the drain pipe network. The advantage here is that it prevents and
disinfects the contamination of microorganisms due to a broken water pipe, and also disinfects
the microorganisms that are contaminated during use [4]. And free chlorine is used in the form
of chlorine (Cly), hypochlorous acid (HOCI) or hypochlorite (OCI: Ca(OCl),, NaOCI). It acts as
a potent oxidizing agent in any form, but it consumes itself rapidly as a side reaction. In many
cases, there is little sterilization until more chlorine than the chlorine required is added.
Hydrolysis of Cl chlorine reacts with water to form hypochlorous acid, hydrogen ions, and
chlorine ions [5], eq (1).

Cl,+ H,O — HOCl + H*+ CI D
Hypochlorous acid is again ionized according to the pH of the water as follows (eg. 2):

+ ;
HOCI — H*+ OCI @)

Factors that influence the sterilization effect of chlorine depend on the reaction time,
temperature, pH, and the amount of chlorine-consuming substances, and the ratio of the presence
of HOCI or OCI" also varies (low pH: more formation of HOCI, high pH: more OCI") while
sterilization and oxidation power is stronger in hypochlorous acid. In addition, chlorine is a very
toxic suffocating gas with a pungent odor, but has a strong sterilizing power, so it is used for
disinfecting tap water [6]. If free chlorine is present in wastewater, the measurement of dissolved
oxygen (DO), chemical oxygen demand (COD), cyanide, etc. becomes inaccurate, so it is
necessary to add sodium sulfite beforehand to reduce it.

The combined residual chlorine is present exists through the reaction of the strong binding
power of chlorine with ammonia or organic nitrogen compounds in the water, so that the
sterilization effect lasts a long time after disinfection without giving any bad taste or smell to
water (eg. 3).

HOCI + NH; — H20 + NH,CI (monochloramine) NH
HOCI + NH2Cl — H20 + NHClI; (dichloramine) NH 3)
HOCI + NHCI; — H,0 +NCl; (trichloramine) NHCI

Due to the chlorine treatment, enteric infectious bacteria (water-borne infectious bacteria:
dysentery, cholera, typhoid fever, paratyphoid, etc.) completely disappears at 0.02 ppm of
residual chlorine after 30 minutes. Furthermore, chlorination is used to treat water, sewage,
industrial water, and industrial wastewater. As an initial process in water purification treatment,
the addition of chlorine for the purpose of sterilization, removal of iron or manganese, and
ammonia removal is called pre-chlorine treatment [7]. Post-chlorination treatment is added just
before water supply for the purpose of preserving and maintaining residual chlorine in the faucet.
In sewage treatment plants, this is done before discharge.

The method of measuring residual chlorine can be largely divided into optical method,
galvanic cell method, and polarography method. At this time, the galvanic measurement method
which is specifically the electrochemical method, spontaneously generates a potential difference
between the cathode and the anode due to electrochemical displacement in the measurement cell.
The potential difference between the cathode and the anode is proportional to the chlorine
concentration in the electrolyte [8]. The galvanic measuring cell is spontaneously polarized. In
other words, it can be used immediately when the power is connected.

The polarographic measurement method differs from the galvanic cell method by the point
of polarization. This requires an external polarization voltage to be supplied between the cathode
and the anode, and after the external voltage is supplied, a current proportional to the chlorine
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concentration in the electrolyte is measured. Since a stable polarization voltage is not generated
spontaneously between the cathode and the anode, time for polarization is required and it can be
used thereafter. The measurement of the residual chlorine concentration is performed by
connecting the residual chlorine concentration sensor to the residual chlorine meter and
measuring it by galvanic or polarographic method [9]. Then, the analog signal is converted to a
digital signal and amplified by receiving the electric signal from the sensor.

As explained so far, when the chlorine gas permeability is not uniform over the entire area
of the diaphragm due to foreign substances attached to the diaphragm by using a gas permeable
membrane through which chlorine ions permeate, the indication value is not constant and fluctuates
during the measurement. There was a problem in that the measured value was not accurate due to
the occurrence of hunting or swinging. According to the existing technology [1-3, 10], the residual
chlorine sensor uses a diaphragm so that if a uniform tension does not work at the time of assembling
in the manufacturing stage, a dent occurs in the diaphragm, which prevents chlorine ions from
passing smoothly or easily tearing due to external force, causing a problem.

In addition, there is a problem in that the range for measuring the combined residual
chlorine such as NH,Cl, NHCI,, and NCls is limited depending on the hydrogen ion concentration
(pH). For this reason, it is possible to measure the amount of residual chlorine without being
affected by the measurement range according to the hydrogen ion concentration by using an
electrode instead of the conventional diaphragm. As there is no change in physical properties due
to oxidation or contamination, the durability is increased and more accurate measurement is
possible. This is a study on the residual chlorine sensor of the anti-voltage method that is
improved to be possible. The measurement principle is as follows in the next section.

Measurement Principles

The principle of the constant voltage method introduced in this study is a new method,
and the composition and principle of the electrode are different from the conventional one. The
measurement principle is as follows. When working electrode WE(IN) is pt and counter electrode
CE(EL) is Ag/AgCl, the reacted diffusion current can be calculated as follows (eq. 4):

Diffusion current [= nAFDc/a by IIKovie equation @)
Here,

 n = quantity of electrons exchanged in a unit area;

» A = surface area of working electrode;

« F = Faraday constant;

« D = diffusion constant of the depolarizer;

« ¢ = concentration of depolarizer;

« o = thickness of the diffusion layer between the working electrode and the solution span.

A fixed voltage of 200mv is configured for the reference electrode R(-) and the measuring
electrode IN(+), so that the electrode voltage is a fixed value and theoretically does not fluctuate
regardless of the residual chlorine concentration. At this time, if the residual chlorine
concentration changes, the residual chlorine concentration can be calculated by converting the
current value from the counter electrode CE (EL.: anti-potential electrode).

Depending on the material to be measured, the applied fixed voltage is slightly different.
For reference, the 200mV constant voltage is relatively effective in measuring HOCL, CIO", and
Cl, with a concentration within 20ppm. The constant voltage residual chlorine sensor reacts to all
HOCL, CIO, Cl,, and Os. The reason is that the electrode of the sensor is made of platinum.
Platinum only differs in the reaction, and it reacts with almost all substances to generate an
electric potential. Since the more H* ions there are, the more sufficient the chemical reaction
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becomes, the better the effect is to set the pH value to 8 or less. Also, the higher the temperature,
the better the chemical reaction. Remember that the higher the concentration, the more accurate
the measurement will be if you keep the pH and temperature values unchanged throughout the
measurement process.

Measuring Electrode

Inversion Electrode

Fig. 1. Structure of the constant voltage sensor electrode
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Fig. 2. Constant voltage residual chlorine sensor: a) dissembled perspective view;
b) combined perspective view

Sensor Configuration

First, a sensor body (glass or plastic) on which a signal line connected to a measuring
instrument is installed is formed, and on one side of the sensor body, a measuring electrode in
contact with the quality of water to be measured and an inversion electrode are separated from
each other to form a measuring part. On the other side of the sensor body, a reference electrode
is deposited on the inner electrolyte to generate the measurement unit and the reaction potential,
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and the lower end has a sleeve junction structure in which the inner electrolyte is discharged into
the water.

It has a dual structure of the body constituting the electrode and the external body (glass
or plastic), and forms a three-electrode method of measuring electrode and inverted potential
electrode (platinum) and reference electrode (silver/silver chloride) of the measuring unit. It is
characterized that the upper electrode is configured to measure chlorine (Cl2), hypochlorous acid
(HOCI), and hypochlorous acid ions (OCI"), which form residual chlorine by contacting the
sample to be measured.

Expected Benefits

The three-electrode method using the measuring electrode, the inversion and the reference
electrode is very stable for the measured value. In addition, by using platinum as a material for
the measuring electrode and the reverse-potential electrode, the measurement range is expanded
by reacting to chlorine, hypochlorous acid, hypochlorite ions, and ozone, and the measurement
value is more precise than the general electrochemical formula because no contamination or large
physical property transformation occurs.
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Fig. 3. Constant voltage residual chlorine sensor with sleeve:
a) junction structure; b) diaphragm structure

The structure of the junction using a Teflon diaphragm rather than a sleeve junction has
the advantage that the amount of internal electrolyte can be adjusted through replacement, and
the internal electrolyte can be replenished if necessary, so that the sensor can be used repeatedly
without replacement. In addition, there is an effect of stabilizing the measurement by adding a
pigment to the internal electrolyte or blocking the influence of external interference through a
shielding tube, making it easy to grasp the range of use for measurement through the naked eye.

Conclusions

Chlorine is relatively inexpensive and easy to obtain compared to the fact that most of the
pathogenic microorganisms are killed by dissolving an appropriate amount of chlorine in clear
water as long as the treatment process is progressed properly. As it can be seen from the fact that
chlorine decreases in the process of reaction with microorganisms, if chlorine is added enough, a
small amount remains even after removing all the microorganisms.

Until now, we must have learned that this is free chlorine. Free chlorine is said to be
residual chlorine because it is lost to the outside or remains in the water until it is completely
depleted by a subsequent reaction. If the analysis of residual chlorine in tap water can be done, it
can be very simple, but it can be very important in evaluating the safety of tap water. The level
of residual chlorine required depends on the type of water supply and local conditions, but in any
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case, the free residual chlorine must be maintained at an appropriate level to prevent pathogen
contamination of drinking water.

From old times, chlorine has the ability to incapacitate most of the pathogenic
microorganisms in an instant, so we still use chlorine (Cl.) to treat water or industrial water used
in homes and cities and to remove microorganisms from wastewater. The efficacy of chlorine
depends significantly on the chlorine concentration, exposure time, and the pH of the water. Good
management of chlorine concentration can prevent equipment contamination or reduce operating
costs. However, appropriate analysis of equipment is also very important. If it’s the method using
the electrode method rather than the DPD method, it has had many difficulties so far.

However, if you use the constant voltage method, the story is somewhat different. As
explained in the text, the constant voltage residual chlorine sensor responds to all HOCL, CIO,
Cl,, and Os. The reason is that the electrode of the sensor is made of platinum, and platinum only
has a difference in reaction and reacts with almost all materials to generate a potential.

By using the advantages of the conventional galvanic cell method or the polarography
method, the limitation of the measurement range according to the hydrogen ion concentration is
reduced by using a three-electrode without using a gas permeable membrane, and the
measurement accuracy is improved because there is no significant changes in contamination or
physical properties. Through this method and principles, the history is well made in measuring
residual chlorine.
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