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Owing to the booming industry, China has witnessed a sustained growth in industrial water 

consumption. Meanwhile, a huge amount of industrial wastewater is discharged each year, 

posing a serious challenge to wastewater treatment. To solve the problem, this paper 

adopts an ozone catalytic oxidation (OCO), a novel treatment technology for industrial 

wastewater, and designs a proportional–integral–derivative (PID) control method for the 

OCO system, based on programmable logic controller (PLC). The design of upper and 

lower computers was introduced in details. Simulation results show that the proposed 

method realized the stable control of the potential of hydrogen (pH) in the OCO system. 

Our design improves the reaction efficiency in wastewater treatment, and overcomes the 

low automation and complex control of traditional OCO system. The research results 

provide a theoretical reference for the promotion of the OCO technology in various fields. 
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1. INTRODUCTION

In recent years, the rapid industrial development has 

brought various environmental problems, the most serious of 

which is water pollution. For example, the oily wastewater 

discharged by the chemical industry becomes a major 

bottleneck in the sustainable development of chemical 

enterprises. Most wastewater treatment projects adopt 

traditional methods like biochemical treatment and physical 

settlement. But the treated water is poorly biodegradable, 

containing lots of refractory organics and salts [1]. Against this 

backdrop, ozone catalytic oxidation (OCO) has attracted much 

attention as a novel wastewater treatment technology. It is the 

most widely used and fastest growing advanced oxidation 

method [2]. 

Focusing on the production of new catalysts, foreign 

research on OCO mainly improves the catalytic effect by 

changing the composition, shape, and performance of the 

original catalyst [3]. For example, Quiñones et al. [4] created 

a new catalyst by loading titanium dioxide on magnetic 

activated carbon, which can basically remove microsomal 

triglyceride transfer protein (MTP) in 2h and mineralize the 

MTP within 5h. By impregnation and sol-gel method, Hu et al. 

[5] loaded copper oxide on the aerogel carbon support, and

proved that the catalyst thus prepared can improve the

degradation rate of organics to 46% after 1h reaction in a semi-

continuous reactor.

Focusing on the technical aspect, domestic research on 

OCO mainly optimizes the overall effect of catalytic oxidation 

by improving some reaction conditions or combining OCO 

with other technologies. For instance, Mi et al. [6] integrated 

OCO technology with engineered microbe – biological aerated 

filter (EM-BAF) to lower the mean chemical oxygen demand 

(COD) of the treated water to 35.6mg/L, and that of the reverse 

osmosis (RO) concentrate to 33.1mg/L; this hybrid strategy 

manages to reduce the chroma and COD index, while 

improving the biodegradability of water. 

Despite the considerable progress in catalyst preparation 

and technology, there is little report on the control of OCO 

system. To make up for the gap, this paper attempts to design 

and simulate an OCO system with programmable logic 

controller (PLC). The main idea is to regulate the entire 

treatment system and the potential of hydrogen (pH) in the 

reaction with proportional–integral–derivative (PID) control, 

improving the automation and reducing the operating risks of 

wastewater treatment. To make the reaction more efficient, the 

pH was subject to PID control through the reaction. The 

proposed OCO system was simulated on Kingview software. 

The research results provide a theoretical reference for OCO 

control in industrial processes. 

2. PREPARATIONS

2.1 Influencing factors of reaction 

The recent research on OCO has been focusing on 

efficiency improvement and cost reduction. In this context, it 

is of great significance to analyze the factors affecting the 

reaction. Chen et al. [7] investigated the OCO of the water 

discharged by a wastewater treatment plant in an industrial 

park of Yancheng, eastern China’s Jiangsu Province, and 

discovered that the OCO efficiency is affected by seven factors, 

including catalyst type, gas flowrate, catalyst dosage, catalyst 

particle diameter, residence time, pH, and water temperature. 

The first five factors can be manually controlled, while pH and 

water temperature are difficult to regulate. The last two factors 

play a vital role in water treatment process. Therefore, this 

paper emphasizes on the effects of pH and water temperature 

on the reaction. 
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2.2 Effects of pH on OCO 

 

It is generally believed that, when the pH is low, the water-

soluble ozone molecule is the oxidant in the OCO test. With 

the growing pH, the wastewater treatment effect continues to 

improve. However, the positive effect of pH on OCO will be 

weakened if the pH surpasses a certain threshold [8]. Hence, 

the optimal OCO effect can be achieved in a slightly alkaline 

environment. 

 

2.3 Effects of water temperature on OCO  

 

Zhen et al. [9] have shown that water temperature does not 

have a significant effect on the removal of organics. Initially, 

the organic removal rate increases with the temperature. But 

when the water temperature exceed 35°C, the removal rate will 

enter a decline. This means the treatment effect of OCO on 

industrial wastewater will worsen, after the water temperature 

reaches a certain threshold. The most suitable range of water 

temperature is 25-35°C. Based on actual conditions, 25°C was 

selected as the best water temperature for OCO. 

When the other conditions remain the same, the pH plays a 

more decisive role in the OCO process than water temperature. 

 

 

3. SYSTEM DESIGN 

 

As shown in Figure 1, the OCO system mainly consists of a 

physical sedimentation unit, an ozone generating unit, a 

reaction system, and an exhaust destruction system [10]. 

 

 
 

Figure 1. The OCO system  

 

3.1 pH control 

 

During wastewater treatment, the pH needs to be stabilized 

at around 9. In this case, the titration curve of the neutralization 

reaction is highly linear, and the PID control can meet the 

requirement [11]. Here, the titration image is divided into three 

parts (i.e. 0-4.70, 4.70-9.60, and 9.60-14) with different 

magnification coefficients. Then, three-stage nonlinear PID 

control was introduced to control the pH of the three parts [12]. 

Figure 2 shows the principle of a typical PID controller. 

As shown in Figure 2, the PID controller takes proportional, 

integral, and derivative actions, according to the system error. 

In conventional PID control, there is a fixed amplification 

factor. If the factor is too large, the system accuracy and 

overshoot will increase, but the system oscillation will 

intensify, making system control more difficulty. If the factor 

is too small, the system response will slow down and system 

accuracy will drop; the decline in control effect cannot meet 

production requirement [13].  

 

Therefore, the change range of pH was divided into three 

parts. A relatively large amplification factor was adopted for 

the low pH part, and a relatively small factor for the high pH 

part. 

 

 
 

Figure 2. The principle of a typical PID controller 
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Because the reaction must be maintained in an alkaline state, 

hydrogen peroxide was directly applied to adjust the pH of the 

system. When the pH deviates from the equilibrium state, the 

amount of hydrogen entering the system was changed by 

adjusting the opening of the hydrogen peroxide pump until the 

system pH is as required. 

 

3.2 Signal transmission and processing of pH control 

system 

 

To control the pH through the reaction, a single closed loop 

control system was constructed to make a timely feedback 

upon detecting a signal. Then, the reaction system can adjust 

the pH based on the feedback. The pH control system includes 

three parts: signal collection and transmission, signal 

calculation and processing, and signal output. 

The pH control system needs to reflect the features of pH, 

collect and transmit pH values, and make fast and timely 

control of pH. To monitor the real-time pH of the reaction, the 

probe of the sensor was directly contacted with the reaction 

liquid. Any change to the pH of the liquid will induce a change 

in the potential of the sensor, creating a potential difference. 

The signal is transmitted via the wire to a pH meter, and 

converted into an electrical signal. 

The transmission of pH value results in a current between 

4-20mA. The current signal must be further processed to 

control the pump. Therefore, the current signal was imported 

to an analog/digital (A/D) converter. The resulting digital 

signal will be transmitted to the single-chip microcomputer 

(SCM). Then, the digital signal sent out by the SCM will be 

converted into a 4-20mA current signal by a digital/analog 

(D/A) converter. Finally, the current signal will act on the 

hydrogen peroxide pump, directing it to change its opening. In 

this way, the dosage of hydrogen peroxide is adjusted, which 

in turn regulates the pH in the reaction liquid. 

Whereas the SCM is extremely complicated to design, PLC 

controllers can be developed quickly and reliably [14]. Hence, 

a Siemens S7-200 PLC controller was selected as the 

processor of our pH control system. 

 

3.3 Lower computer system 

 

The lower computer was designed by the PLC program to 

realize the monitoring of actuators and sensors. The main 

functions of the lower computer are to acquire the system 

states and feed back them to the upper computer, including pH, 

oxidation reduction potential (ORP), as well as the speed and 

on-off state of each pump. The hardware of the lower 

computer consists of displays, sensors, signal lights, pumps, 

electrical control cabinet, PLC controller, and expansion 

modules. The control diagram of the electrical system is 

shown in Figure 3. 

The control process is as follows: Once the switch is turned 

on, the whole system will begin to run, and the PLC controller 

will send a signal to the signal light to indicate the on-off state 

of the system. Then, all sensors will start to work. The ORP 

sensor will transmit its signal to the ORP display to show the 

potential. The ORP will be converted into a linear quantity and 

sent to the PLC controller. Similarly, the pH displays receive 

the signal from the pH sensor and shows the pH value of the 

system. Then, the pH value will be converted before being sent 

to the PLC controller. The voltage converter converts the 

voltage from 220V to 5V for pump control. Finally, the PLC 

controller issues signals to control the pumps and ozone 

generator, referring to the received signals. 

 

 
 

Figure 3. The control diagram of the electrical system  

 

3.4 Input/output (I/O) resources 

 

For the control system, the analog inputs include the input 

signals of sensors; the analog outputs include pump speeds, 

regulated flow, etc.; the digital inputs include the automatic 

control, manual control, and stop commands, as well as switch 

signals; the digital outputs are used to turn on or off signal 

lights, ozone generator, and pumps. 

 

3.5 Other accessories 

 

(1) pH meter 

Our system selects an SIN-pH4.0 industrial pH meter. In 

actual process, the output current of the pH sensor is not 

linearly correlated with pH. Therefore, the output current was 

imported to the pH meter for conversion, before being 

transmitted to the PLC controller. 

Although the PLC controller supports RS485 

communication, the specific transmission program was 

compiled in the PLC programming software, in addition to the 

connection of optical cable. For the lack of space, the ladder 

diagram of the program is not displayed. 

(2) ORP meter 

Our system selects an SIN-pH4.0 industrial ORP meter. 

Similar to the pH, the output current of the ORP sensor is not 

linearly correlated with pH. Therefore, the output current was 

converted by the ORP meter before being transmitted to the 

PLC controller. 

(3) 5 peristaltic pumps 

Our system adopts 5 WT600-2J Longer peristaltic pumps 

(Baoding, China). The pump heads are of the type YZ1515x. 

The flow rate of each pump falls in the range of 4.2-

6,000mL/min. The pumps can be controlled by various modes, 

e.g. manual control and external interface control. 

(4) Ozone generator 

Our system adopts a 3S-H integrated freeze-drying oxygen 

and ozone generator. Through intelligent technology, the 

generator fully integrates the functions of air compressor, filter, 

dewaterer, freezing dryer, oxygen generator, and ozone 

generator. 

(5) Exhaust destroyer 

Our system adopts a TPY-HMQ2759 ozone exhaust 

destroyer.  
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After the hardware design, the control program was 

compiled on STEP 7 MicroWIN V4.0 S7-200. 

 

3.6 Main program 

 

The control program of S7-200 PLC controller is composed 

of a main program, subprograms, and interrupt program [15]. 

As the core program, the main program needs to be executed 

after the completion of each scan cycle. The subprograms can 

be called by the main program. The design idea of the main 

program is introduced below: 

(1) If the system is set to the manual mode, the green light 

will turn on at the first operation. At this time, the wastewater 

inlet pump pumps the wastewater into the settling tank, and 

the PLC timer starts counting for 15min. Once the tank is full, 

the wastewater inlet pump and the hydrogen peroxide pump 

will be turned on to inject the wastewater and 70-400mg/L 

hydrogen peroxide into the OCO tower, and the PLC timer will 

starts counting for 15mins. When the reaction liquid reaches 

the level limit of the tower, the wastewater inlet pump will be 

closed. Meanwhile, the ozone generator and the circulating 

pump will start to work, and the PLC timer will start counting 

for 1h. During the reaction, the pH of the reaction liquid can 

be regulated by adjusting the opening of the hydrogen 

peroxide pump. Finally, the outlet pump will be turned on to 

discharge the wastewater. 

(2) If the system is set to the automatic mode, the red light 

will turn n, and the timer will start counting for 30min. During 

this period, the manual mode was adopted to prevent the 

system from making large errors. After 30min, the PID 

program will be started to control the hydrogen peroxide pump, 

and monitor whether the pH of the reaction liquid reaches the 

set point. 

(3) If the system encounters a secondary operation (i.e. 

restarts after stopping), all parts must be filled with liquid. In 

this case, there is no need to leave too much time for the 

pumping of wastewater. The secondary operation can be 

identified by detecting whether there is solution in the 

wastewater tank for a period. If it is a secondary operation, the 

timer will start to count for 15min to keep the operations of all 

devices in sync, and the wastewater pumping will be 

completed in this period. In manual mode, the system starts to 

run when the green light is on and all devices are turned on. In 

automatic mode, the PID control phase will begin when the 

red light is on and all devices are turned on. 

(4) The stop button can send a signal to request the system 

to shut down. 

 

3.7 PID pH control system 

 

The workflow of the PID pH control system is explained in 

Figure 4. 

As shown in Figure 1, if the signal is 1, the system will enter 

the manual mode, and the speed of the hydrogen peroxide 

pump will be controlled by the analog output; if the signal is 

0, the system will enter the automatic mode, and the speed of 

the hydrogen peroxide pump will be adjusted automatically. 

The first step of PID controller design is to determine its 

parameters. The parameters cannot be configured directly on 

the main program. Instead, a subprogram should be designed, 

and then called by the main program [16]. After the 

subprogram page was established, the pH subprogram can be 

configured by clicking the PID function key in the wizard 

option of the option bar. During the setting, the input interface 

of PID loop parameters will appear (Figure 5). The relevant 

parameters can be configured on this interface. 

 

 
 

Figure 4. The workflow of the PID pH control system 

 

 
 

Figure 5. The setting of PID loop parameters 

 

After setting all PID parameters, the function box of calling 

the initial state of the wizard PID program can be obtained. 

The program is stored in the subprogram PID EXE, which will 

be called periodically by the PLC controller. 

 

 
 

Figure 6. The initial state of PID subprogram  

 

The next step is to define the control object. As shown in 

Figure 6, I0.0 in the subprogram is the button to switch 

between the manual mode and automatic mode of the PID 

program. If I0.0 is ON, the system is in automatic mode; if it 

is OFF, the system is in manual mode. 

The process variable PV of the control object will be 

transmitted to the controller, and taken as the input VW0 of 

the controller. Then, VW0 and the set point will be calculated, 
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producing an output VW2. The output will be transmitted to 

the control variable, causing the latter to change. 

After the PID subprogram and object subprogram are ready, 

the system can run as required by directly calling the 

subprograms in the main program. 

 

 

4. SIMULATION 

 

The upper computer of the OCO automatic monitoring 

system is a human-computer interaction (HCI) platform, 

which provides an operating platform for engineers and 

operators. The upper computer is an Advantech industrial 

computer [17], and the control platform was designed on 

Kingview 6.60. The software is a development tool for 

monitoring systems. It is good at simulating industrial 

automation systems [18]. Next, open the device wizard 

interface, and set up six new pages: monitoring screen, pump 

adjustment screen, pH control screen, liquid level adjustment 

screen, trend line screen, and exit screen. These pages form the 

upper computer page of the project (Figure 7). These screen 

are saved in pic. format in the project folder.  

Open the monitoring screen, find the gallery in the function 

bar, and click on the gallery. Then, the graphics of the relevant 

parts of the screen can be selected. The graphics of all devices 

needed for the monitoring screen, such as storage tank, OCO 

tower, pumps, switches, and pipes, are available in the gallery. 

Then, drag them to the corresponding positions for initial 

fusion. 

Figure 8 presents the overall monitoring platform of our 

system. The monitoring platform can start and shutdown the 

system, display and switch between manual and automatic 

states, and display time and the circulation state of each pipe, 

etc. When the button is switched to manual, the green signal 

light is on; when the button is switched to automatic, the red 

signal light is one. When a pump is started, its signal light will 

turn red; when a pump is stopped, its signal light will turn red. 

Each cycle of the OCO system goes as follows: First, the 

wastewater in the settling tank enters the wastewater tank 

under the action of the wastewater inlet pump, and then flows 

into the OCO tower. In the meantime, the ozone generator 

passes the generated ozone to the bottom of the tower, while 

the hydrogen peroxide is transported from the hydrogen 

peroxide storage tank to the top of the tower. The ozone and 

the hydrogen peroxide will react under the action of the 

catalyst. After a period of reaction, the outlet pump is turned 

on to drain the wastewater in the tower. 

To switch between screens, a drop-down menu must be 

drawn on the page. First, find the menu in the toolbar, drag a 

menu area on the screen, double-click and the edit page that 

appears. In this way, a new subitem can be created as Figure 

9. 

After setting the main elements of the screen, it is necessary 

to associate all variables. On the project browser, customize 

three variables in the variable module: the level of wastewater 

tank, the level of hydrogen peroxide tank, and the level of the 

clean water tank. Set the variable type as I/O real number, and 

the connected device as simulation. In addition, adjust the 

maximum and minimum values, and the reading frequency of 

each variable.  

After the variable setting, return to the monitoring platform 

page of the development system, double-click each storage 

tank, and associate the relevant variables. Create new variables 

for each pump, and associate each pipe with each pump. The 

pipe can only be connected when the pump is green. A pipe is 

connected when its flow state turns from black to green. 

Furthermore, associate the switch of each pump with the total 

switch. Figure 10 provides a screenshot of the monitoring 

system during the operation of the OCO system. 
 

 
 

Figure 7. The new screens 

 

 
 

Figure 8. The monitoring screen of the OCO system 
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After the design of the automatic control interface, the other 

screens of the OCO system should be created in turn. First, 

open the layer where the trend curve is located, and enter the 

text of trend curve at the center of the page. The main 

components on this page are real-time curves and historical 

curves. 

Take the real-time curves as an example, find the real-time 

curve button in the toolbox, and create a real-time curve on the 

screen. Then, double-click the real-time curve to display the 

editing screen, associate the curve with related variables, and 

click the corresponding curve color, such that the three 

variables are in three different colors. Finally, click OK to 

finish editing. 

After editing, mark the variable represented by each curve 

in the form of text, and create a new text next to the variable 

for the output of the analog value. In this way, the value of the 

variable can be read directly through the new text whenever 

the variable changes. 

The historical curves can be plotted in a similar way. The 

only difference is that the variables associated with historical 

curves need to be stored in the history during variable setting. 

Hence, remember to check the required variables before 

variable setting. 

Figure 11 shows the trend curve page of the level of 

wastewater tank, the level of hydrogen peroxide tank, and the 

level of the clean water tank. The real-time and historical 

curves of the three levels are displayed simultaneously on the 

page. Thus, the operator can observe, record, and adjust the 

specific levels in the three tanks. 

Figure 12 shows the design of the pump adjustment page, 

which includes the wastewater inlet pump, hydrogen peroxide 

pump, circulating pump, and outlet pump. The main function 

of this page is to control and record the opening of each pump. 

On this page, the operator can turn on/off the pump, switch the 

pump between manual and automatic modes, and input a 

specific value to the pump. The system can be changed by 

adjusting the opening of the pumps. 

Figure 13 displays the design of the pH control page. On 

this page, the dosage of hydrogen peroxide to the OCO tower 

can be adjusted by changing the opening of the hydrogen 

peroxide pump, which in turn affects the pH of the reaction 

liquid. This page can control of the hydrogen peroxide pump 

independently, including changing the dosage and switching 

the pump between manual and automatic modes. The page 

also presents the pH curve of the reaction over time. Hence, 

the operator can obtain the real-time pH of the tower from this 

page. 

 

 
 

Figure 9. The menu definition screen  

 

 
 

Figure 10. A screenshot of monitoring system 
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Figure 11. The trend line page 

 

 
 

Figure 12. The pump adjustment page 

 

 
 

Figure 13. The pH control system page 
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5. CONCLUSIONS

This paper designs and simulates an OCO system based on 

the PLC. There are two main innovation points: The first lies 

in the control of the pH of the system. Based on the original 

system, a segmented PID control method was adopted to 

regulate the pH value, making the reaction more efficient and 

complete. The other innovation is to solve the low automation 

and complex control of OCO through PLC programming and 

Kingview simulation. Our method promotes the development 

of OCO technology, and provides a new solution for the 

treatment of industrial wastewater. Apart from of industrial 

wastewater treatment, the designed OCO system boasts broad 

prospects and a high market value in disinfection, wastewater 

treatment, and deodorization. 
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