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ABSTRACT: In this article, an automatic control system for the regeneration unit of ion exchange filters during chemical 

desalination of water has been developed. the regeneration unit for ion exchange filters during chemical desalination of 

water was automated. Based on the algorithm, a functional diagram of the logic control system was developed, and the 

maximum throughput of the KPRS 600 valve was determined to establish the control range. 
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I.INTRODUCTION 

 

The efficiency of water purification and the volume of waste, convenience and safety of maintenance are largely 

determined by the hardware design of the water treatment process. Hundreds of types of ion exchange devices of various 

types, periodic and continuous, with massive and fluidized layers of ion exchangers have been developed. 

In the republic, only periodic devices with a massive layer of filter-type ion exchanger are used for water treatment. 

Batch-operating devices are characterized by the fact that all technological processes (cleaning, loosening) are 

countercurrent (counterflow). 

Direct-flow (parallel-flow) filters are the simplest devices, consisting of a housing equipped with an upper distribution 

device and a lower drainage device. The latter is a collector with drainage caps or made of perforated drainage pipes. 

Intro the constructive case there is a layer of ion exchange resin. It should not exceed 0.5-0.7 heights of the filter, so that 

during periodic loosening of the layer when it expands, there is no carryover and loss of the ion exchanger. 

 

II. LITERATURE SURVEY 

 

Shut-off valves with manual, hydraulic or electric drive are installed next to the filter on the supply pipelines [1÷4]. 

The filter operation consists of the following operations: 

water purification; 

Water purification is carried out from top to bottom with valves 3 - 4 open; an increase in the pressure drop across the 

filter, an increase in hardness (Na leakage) after the filter and the total water flow through it serves as a reliable indirect 

indicator of its contamination. Therefore, when these indicators increase, the ion exchange filter is put into regeneration. 

loosening to remove suspended matter; 

The first stage of regeneration is loosening the filter layer with water. Loosening the cation exchanger is necessary to 

eliminate caked layers and remove mechanical impurities from it, the presence of which leads to an increase in the 

pressure drop in the ion exchanger layer. When loosening, water is supplied to the filter from bottom to top at a speed of 

7 - 10 m/h. First, valves 3-4 are closed, valves 5-6 are opened. The loosening process takes about 20 minutes. 

ion exchanger regeneration; 

This is done by closing valves 5 - 6 and opening valves 7 - 8. During regeneration, the supply of a regenerating solution 

(1.5% sulfuric acid solution) begins sequentially for 30 - 40 minutes at a speed of at least 10 m/h to avoid “plastering” 

cationite 

Flushing 
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III. DESCRIPTION OF SCHEME 

 
The installation of the required heat output is shown in Fig.1. First, valve 7 is closed, valve 9 is opened.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. Algorithm for automatic control of the regeneration process of ion exchange filters 
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The ion exchanger layer is washed from regeneration products and residues of this solution by passing wash water from 

top to bottom for 30 minutes at a speed of 8 - 10 m/h. The completion of the washing and regeneration processes as a 

whole is judged by an indirect indicator - a decrease in the water pressure drop across the filter to the initial steady-state 

value and salt concentration (5.0 mEq/l). After that, valves 8 - 9 are closed and the filter is put into operation by opening 

valves 3 - 4. 

The regeneration solution is prepared as follows: 

opening valve 11 to supply sulfuric acid; 

- supply of chemically purified water (opening valve 12); 

- switching on the dosing pump; 

- according to the consumption of clarified water, using a dosing pump, we supply the required amount of concentrated 

sulfuric acid, as a result we obtain a 1.5% solution of sulfuric acid. 

For the above-described algorithm (Fig. 1) for automatic control of the regeneration process of ion exchange 

filters, a functional process control diagram was developed. 
The diagram (Fig. 2) shows sensors, electric drives, control and shut-off valves, as well as a microprocessor controller 

and controls. 

A regulatory verification calculation was also carried out for the proposed scheme. 

As an example, below is a test calculation for the KPRS 600 valve. 

Initial data: 

• Limits for changes in flow rate, m/h - 120; 

• Valve nominal bore, mm - 150; 

• Valve hydraulic resistance, kPa - 520 

Figure 2.  Functional diagram 
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III. METHODOLOGY 

 

A. Survey of publications 

 

B. Calculation of the characteristics 

 

IV. RESULTS OF CULCULATIONS 

 

For computer processing of iterative calculations, an algorithm was compiled for calculating the characteristics of  

The purpose of the verification calculation is to determine the maximum capacity of the KPRS 600 valve to establish 

control ranges. 

For this purpose, we determine the volumetric flow rate of steam: 

𝐺 = 𝜇𝑓𝑙 · 𝐹 · 𝜀 · √2∆𝑃
𝜌⁄    , m3/s                                                      (1) 

here 𝜇𝑓𝑙 is the flow coefficient, which is understood as the ratio of the actual measured flow rate of the medium to the 

calculated one. Are accepted 𝜇𝑓𝑙= 7 with 𝐹 𝐹𝑀𝐴𝑋
⁄  = 1 ;  F is the opening area of the regulatory body, m2. 

𝐹 = 𝜋 · 𝑅2 = 3,14 · (
0,150

2
)

2

= 0,177  , m2                                      (2) 

Δр - hydraulic resistance of the throttle device, Pa; Δр = 520 kPa ρ - density of the substance, kg/m3, ρ = 1000 kg/m3. 

𝐺 = 7 · 0,0177√2 · 520000
1000⁄ = 3,996 , m3                                                  (3) 

𝐺pipe = 120 m3/h= 0,033 m3/s < G  therefore the valve is selected correctly. 

 

V.CONCLUSION 
 

In the process of this work, the regeneration unit for ion exchange filters during chemical desalination of water was 

automated. Based on the algorithm, a functional diagram of the logic control system was developed, and the maximum 

throughput of the KPRS 600 valve was determined to establish the control range. 
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