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It can be observed in Figure 2 that the secondary filters are located close to storage tanks of water. A
mineral filter is one of them, which is responsible for adding the required minerals to the water. Meanwhile,

UV (ultraviolet) filters can be devised here to remove the remaining viruses and bacteria.

3. Measuring the TDS of water
Measuring the TDS of water with weight (gravimetric TDS) and electrical conductivity (EC) methods is possible.

Practically, the major difference between these two methods is very important. Thus, the weight method is fully
experimental and in the continuous control of industrial processes it does not have any applications. However,
the electrical conductivity method, due to the high speed of its response, plays an important role in the control

loops. Each of these methods is briefly described below.

3.1. Weight method for measurement of the TDS of water

This measurement method is based on the accurate measurement of the total weight of dissolved substances in
a certain volume of water. Considering the fact that the amount of value of the material is less than 0.45 pm,
it must pass water through the filters with the same size to remove impurities. Then, according to standards,
200 mL of this solution is poured into a beaker and heated for 24 h at a temperature 105 °C' until completely
evaporated. In addition, to remain dry it should be put for another 2 h at 180 °C. Finally, the weight of the
material must be measured with high precision using Eq. (1).

TDS(mg/L) = (Wy — VI:;) x 1000 )

In Eq. (1), W7 (mg) is beaker weight before heating and Ws (mg) is beaker weight and remaining dried material

after heating, and V' (mL) shows the water purification volume [4,5].

3.2. TDS measurement using EC of water method

Another way to measure the TDS of water is to calculate the EC of water. The correlation between TDS and
EC for water is given by Eq. (2).
TDS = EC [us] x K. (2)

Substituting the K. coefficient as a constant in the range of 0.55-0.8, which is determined according to water
properties for the area under study in chemical laboratories, and having the EC of water will lead one to obtain
the TDS [2]. For example, the K. coefficient was found based on 24 samples from drinking water of the Red
Hills region of India (Figure 3). Results of this experiment yield 0.6507 as the best value for the K, coefficient
in this area. It must be noted that the K, coefficient was assumed as 0.55 in all tests of the current work based
on the regional water of Mashhad, Iran.

3.3. Building a sensor for EC measurement

In order to measure the EC of water in the invented system, a probe is needed to be designed and made that
provides the ability to be simply installed on a T-joint in addition to being waterproof and resistant against
corrosion. It would be possible to measure the EC of water in real time and continuously by installing this
probe through the outlet stream of water leaving the membrane filter, exactly where the outlet water is being
mixed with that of mix valve.
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Figure 3. Results of 24 drinking water samples for finding K. coefficient [3].

Conductors used in this probe are made of stainless steel. Selection of this material for the conductors is
due to its resistance against corrosion and its immiscibility with oxygen. The whole set of these steel conductors
is put inside a Teflon sleeve. Teflon is selected here because of its insulator behavior against electric current.
This sleeve is manufactured by machining in CNC machines. A schematic view of the probe made is presented
in Figure 4.
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Figure 4. Front view of the probe made (left) with its technical drawing (right).

A small current is applied at two contacts of the probe by making an alternative sine electrical signal at
a constant frequency of 1-10 kHz with amplitude 10 Vp-p and then introducing it into the circuit of Figure
5. Thereby, voltage of these two contacts will vary by changing the EC of water there. Having formed the
following circuit, Egs. (3) and (4) can be used to yield the EC of water.

The equations below are obtained from analysis of Figure 5.

RiVo + RoVy = RoVy (3)
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