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ABSTRACT 

 
The industrial ammonia water decontamination depending on the sample 

temperature is monitored by this study. The treatment was conducted by the 

UP100S ultrasound generator (Hielscher Ultrasound Technology, Germany), 

operating at 30kHz frequency and acoustic power densities of 90 W/cm2 and 

460W/cm2 respectively. The effect of sonication both on the bath temperature and 

ammonia removal, based on treatment time, is presented in this paper. Experiments 

were carried out according to different parameters, so as the sample temperature 

variation by ultrasonic treatment to be determined. Studied parameters were: the 

operating mode variation (continuous or intermittent), the additional aeration and 

the application of a cooling water serpentine. Based on the results, the ammonia 

removal efficiency is improved by the heating produced by the ultrasonic energy. 
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1. Introduction 
 

Among all the uses of power ultrasound, the 

treatment of wastewater containing toxic and complex 

pollutants, both from industrial and domestic sources, 

appears to be the most attractive field of study [1]. 

The advantages of this technology include the 

potential chemical-free and simultaneous oxidation, 

thermo-lysis, shear degradation, enhanced mass-

transfer processes together [2]. 

 

 
 

Fig. 1. Compression and expansion cycle of 

ultrasound [4] 
 

 

 

The enhancement in the processing rates is 

mainly due to the fact that, when ultrasound is passed 

through a liquid medium, it can generate cavitation 

phenomena due to alternate compression and 

rarefaction cycles [3], as shown in Figure 1 [4]. The 

cavitation can be a suitable technology for the 

degradation of wastewater streams or, at the 

minimum, it can be used for lowering the toxicity 

levels of the effluent stream so that conventional 

biological oxidation can be readily applicable [5]. 

The ultrasonic cavitation concentrates the 

energy and, with the collapse of bubbles, the energy 

is released within a tiny area, which generates a very 

high local temperature (around 5000 °C) and pressure 

(in excess of 500 atm), forming the so-called 'hot 

spots', which will open up widespread new chemical 

reaction routes and abruptly accelerate the chemical 

reaction rate [6]. 

During the treatment process, an ultrasonic 

generator transforms the electrical energy into other 

kinds of energies, as shown in Figure 2. 
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Fig. 2. The energy transformation chain during 

ultrasonic treatment [7] 
 

In this work, the effect of the temperature rise 

due to the thermal energy emitted by the probe during 

sonication was assessed. The potential influence of 

the bulk phase temperature at ultrasonic treatment 

application and the optimum temperature range for 

different processes is discussed in many papers [8-

15]. The thermal impact of continuously imploding 

cavitation bubbles on the surrounding liquid or 

sonicated matter itself depends on the physical 

properties of a sonication medium, such as vapor 

pressure or viscosity [16, 17], surface tension, gases 

dissolved and bulk temperature. According to many 

authors, the temperature increase of the sonicated 

liquid medium leads to an increase of the vapor 

pressure and a reduction of viscosity and surface 

tension [18-20]. With an increase in the vapor 

pressure of the liquid, the vapor content of the cavity 

increases thereby lowering the energy released during 

the cavitational collapse [18]. On the other hand, the 

reduction of viscosity and/or surface tension lowers 

the threshold intensity required to produce cavitation 

[19] and makes the effects temperature rise to be 

favorable. Increasing temperature results in reduction 

in acoustic cavitation threshold, meaning, the liquids 

cavitate at lower intensities [21]. Notwithstanding, 

Raman et al. explain that lower cavitation thresholds 

translate into the ease of cavity formation, thereby 

making higher temperatures more favorable for 

particle breakage [20]. 

The present study refers to the ammonia water 

decontamination by sonication and it is focused on 

the ultrasound influence on the heating occurring in 

the treated sample. This work is further continued by 

Part II, referring to the effect of ultrasound on 

ammonia removal. Considering that the separation of 

the ammonia-water mixture can be achieved by 

conventional distillation [22], heating appears to have 

a beneficial effect in ammonia removal. However, the 

separation performance is subject to the 

thermodynamic constraints of the system based on the 

volatility (boiling point) difference of the various 

substances (e.g., -33.4 °C for ammonia and 100 °C 

for water at atmospheric pressure) [22, 23]. 

 

2. Materials and methods 
 

2.1. Wastewater Features 
 

This research is conducted on ammonia water 

decontamination by ultrasonic treatment. Several 

activities generate high-strength ammonia wastewater 

including human waste, agricultural waste and 

industrial effluent [24]. 

The sample utilized in the current paper is 

generated in the ion exchangers chemical industry. By 

washing the ammonium gas, ammonia water results 

as residual water. In order to carry out experiments in 

normal laboratory conditions, appropriate dilutions of 

1:1000 were applied to the effluent. The final 

concentration of the sample subjected to tests was of 

72.840 mg/l ammonium and 56.597 mg/l ammonia 

nitrogen respectively, after dilution. The volume of 

the sample to be treated was set at 300 ml. 

 

 
 

Fig. 3. Schematic representation of 

experimental set-up 

 

The temperature increase was measured at room 

temperature by using a thermometer, which was 

immersed and held at the half height of the sonicated 

sample of ammonia water. 

 

2.2. Experimental Set-Up 

 

The schematic representation of the ultrasonic 

setup designed for the treatment of industrial 

ammonia water is shown in Figure 3, where: 1-

electronic generator; 2-electromechanical transducer; 

3-probe; 4-vessel containing ammonia water sample; 

5-water cooling coil; 6, 7-hoses for cooling water in 

ELECTRICAL ENERGY 

MECHANICAL ENERGY 

ACOUSTICAL ENERGY 

THERMAL ENERGY 

CAVITATION ENERGY 
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and out; 8-thermometer; 9-aeration pump; 10-air 

stone. 

The electric energy produced by the 

piezoelectric type generator 1 is converted to 

mechanical energy by transducer 2, further converted 

into acoustic energy in the form of ultrasonic waves 

transmitted through probe 3 to the ammonia water 

sample from vessel 4. This energy causes physical 

and chemical effects in the liquid medium to be 

treated and it is finally converted into heat. 

In order to highlight both the effect of 

sonication and the effect of heating that occurs during 

the treatment process, the cooling water coil 5 was 

sunk in the vessel 4. The cooling water was taken 

from the current water source by hose 6 and the used 

water was directed to a sink by the drain hose 7. 

Experimental tests have been carried out both with 

and without water cooling coil. Ammonia water 

temperature is constantly monitored by the 

thermometer 8 immersed in the ammonia wastewater 

sample. To create the effect of bubbling, or the 

additional oxygen diffusion into the liquid, the 

aeration pump 9, fitted with air stone 10 (having the 

role of a fine spray air bubbles) were used. 

The ultrasonic processor UP100H, Hielscher 

Ultrasonics GmbH, Teltow, Germany, was utilized to 

conduct the experiments. The generator is working at 

a 30 kHz fixed frequency, with the possibility to 

adjust the amplitude of the oscillating system. The 

amplitudes used in the treatment process were the 

maximum amplitudes working with each of the used 

probe (70 and 180 µm, respectively). Also, to each 

probe a different acoustic power density (ultrasonic 

intensity) corresponds, as follows: 

- Probe MS 3 (3 mm diameter): 460 W/cm2; 

- Probe MS 10 (10 mm diameter): 90 W/cm2. 

The maximum depth to which the probe was 

immersed in the tested liquid was 30 mm. 

 

3. Results and discussion 

 

For both acoustic intensities of the ultrasonic 

piezoelectric generator, various ways of temperature 

variation were registered. In the following, the 

dynamics of the temperature during sonication is 

discussed depending on the working parameters (with 

or without additional aeration, in either continuous or 

intermittent operation and depending on whether the 

cooling water coil is applied). Temperature values 

were read every 5 to 5 minutes for 60 minutes by the 

thermometer immersed in the solution. The constant 

value of temperature was noted after an hour of 

treatment, which is explained by the dynamic thermal 

equilibrium conditions of permanent transfers of heat 

between the treated ammonia water and the ambient 

air. 

The initial temperature at which the readings 

started could vary by experiment, due to the ambient 

temperature of the laboratory, which was constantly 

monitored. However, of primary interest is the 

dynamics of temperature rise and the registered upper 

limit. 

 

3.1. Thermal effect at higher 

acoustic intensity 

 

Fig. 4 shows the dynamics of temperature 

depending on the operating mode (continuous or 

intermittent) and the additional aeration at higher 

acoustic intensity. 

 

 
 

Fig. 4. Dynamics of temperature at 

460 W/cm2 acoustic intensity 

 

The ultrasonic power of 460 W/cm2 generates 

the temperature raise in the treated sample, up to a 

maximum constant at 34 °C, after 50 minutes, in 

continuous operation without additional aeration. 

At additional aeration, the sample temperature 

reaches a maximum of 33 °C after 55 minutes, due to 

the air generated to the working vessel by the aeration 

pump attached to the set-up designed for the 

treatment of industrial ammonia water. 

 

 
 

Fig. 5. Dynamics of temperature at 460 W/cm2 

acoustic intensity by cooling water coil 
 

In the case of intermittent operation of 0.5 

seconds, the temperature of the sample reaches 28 °C 

after 45 minutes, without aeration or 27 °C after 50 

minutes with additional aeration. 
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Considering the role of maintaining the sample 

of treated water at a constant temperature, the 

applications where the cooling water coil was utilized 

recorded a decrease of 1 °C compared to the initial 

temperature of the water, according to Figure 5. This 

water temperature evolution was recorded when using 

the MS 3 probe in both continuous and intermittent 

operation. Additional aeration does not affect the 

studied water temperature. 

 

3.2. Thermal effect at lower 

acoustic intensity 
 

When the ultrasonic treatment is conducted at an 

acoustic power density of 90 W/cm2, the sample 

heating is remarkable. The maximum constant value 

of 60 °C is reached after 60 minutes of continuous 

mode treatment, both with and without additional 

aeration. Intermittent operation of the ultrasonic 

irradiation generates a constant upper limit of 46 °C 

after 50 minutes without additional aeration or after 

55 minutes with aeration applied (Figure 6). 

 

 
 

Fig. 6. Dynamics of temperature at 90 W/cm2 

acoustic intensity 
 

 
 

Fig. 7. Dynamics of temperature at 90 W/cm2 

acoustic intensity by cooling water coil 
 

Figure 7 shows the effects on temperature when 

using the cooling water coil for the treatment with 

MS 10 probe. In intermittent operation, there is a 

temperature drop of 3 °C in the first 20 minutes of 

ultrasound treatment, followed by a temperature 

maintaining to the value equal to the cooling water 

temperature throughout the treatment period. 

In the continuous mode, the temperature 

remains constant, but the cooling is provided only 

with 1 °C, due to a much higher heating trend of the 

sample. 

Any additional aeration has no influence on the 

studied water temperature. 

In the second part of the study, complete results 

obtained in the treatment of ammonia water with a 

detailed discussion will be presented. Some of the 

objectives can be summarized as follows: 

- The thermal effect in ammonia removal by 

ultrasonic technique is intended. In order to determine 

both effects of ultrasonic irradiation with heating and 

without heating on elimination rate, the experiments 

will be conducted by the addition of the cooling water 

coil. 

- The removal efficiency according to allowable 

discharge limits (to natural water courses or public 

sewerage networks) will be determined. 

 

4. Conclusions 

 

The entire study refers to the determination of 

the optimum removal of ammonia from industrial 

ammonia wastewaters. In this part of the study, the 

influence of the acoustic power density on the liquid 

medium temperature by sonication was determined. 

At higher ultrasonic intensity (460 W/cm2) the 

temperature rise is recording an upper limit of 34 °C 

in 60 minutes of treatment. The lower studied 

ultrasonic intensity (90 W/cm2) generates higher 

temperature rise rates of 60 °C after 60 minutes of 

treatment. 

The beneficial effect of heating on the 

elimination of ammonia from liquid mediums is 

already known. However, to strictly observe the 

effect of ultrasonic treatment without additional 

heating effect, a cooling water coil to maintain a 

constant sample temperature was applied to the 

treatment setup. 
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