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Abstract 

Urea, a colorless, tasteless and odorless needle or prismatic crystal, is weakly alkaline. 
Urea has a wide range of applications and is mainly used in the pharmaceutical industry, 
agriculture and commerce. Due to the massive use of urea, urea wastewater is not only 
discharged, but also infringes on the production equipment and has a serious harm to 
the biological environment, so it is necessary to find a method to treat urea wastewater 
with low energy consumption, low investment and good effect. This paper summarizes 
and outlines the current widely recognized approaches to treat urea, and summarizes 
the research progress on urea treatment intending to provide ideas and approaches for 
more economical, environmentally friendly and efficient treatment of urea in the future. 
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1. Introduction 

Urea, a colorless, tasteless, odorless needle-like or prismatic crystal, is weakly alkaline. Its chemical 

name is urea or carbamide, with the chemical formula CO(NH2)2. It has a wide range of uses, being 

applied in agriculture as a solid nitrogen fertilizer with the highest nitrogen content for field 

cultivation; urea derivatives are used in drug production, as bioactive compounds in cosmetics and 

dermatology, and as herbicides and insecticides [1, 2]; it is also used as an additive in livestock feed 

and as a raw material for the manufacture of melamine, urea-formaldehyde resins and stabilizers, 

among other important chemical products [3]; in automotive use, as a reducing agent for the catalytic 

reduction of ammonia nitrogen in exhaust gases; in addition, urea is used in some specific processes, 

mainly as exhaust gas treatment [4]. 

Due to its wide range of applications, the problem of urea wastewater treatment cannot be avoided. 

China is a largely agricultural country, and urea is not only one of the main varieties of nitrogen 

fertilizer, but also an important chemical raw material, so the demand and production of urea are large 

Since the 1970s, due to increasingly strict environmental regulations around the world, the urea 

content in the wastewater discharged from urea plants must now be less than 10mg/L. Urea contains 

a large amount of nitrogen required for microbial growth, and if the treatment is not If the raw urea 

wastewater that does not meet the standard is discharged into water bodies, especially slow-moving 

lakes, estuaries and bays, it will cause algae and other plankton to multiply rapidly and the oxygen 

content in the water body to decrease, resulting in the death of fish, shrimp and other organisms in 

large quantities and eventually leading to eutrophication of the water body. In addition, the urea 

molecules discharged into the water body will slowly decompose into ammonia and carbon dioxide, 

and the dissolved ammonia in the water is very serious, when the concentration of ammonia exceeds 

0.2mg/L fish in the water may be poisoned and die, even if there is a small amount of ammonia 

dissolved in the water body will also cause harm to fish, mail and other organisms. 

Therefore, it is necessary to find a method to treat urea wastewater with low energy consumption, 

low investment and good effect. While reducing the cost of urea manufacturers and energy 
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consumption in the process of wastewater treatment, it has become a hot spot and difficult point of 

research in the urea industry to make the treated urea wastewater meet the standard discharge or 

recycling.  

2. Treatment status and trends 

In recent years, scholars at home and abroad have reported a lot of research on methods of urea 

wastewater treatment, and the technology is constantly innovating. The current research for the 

removal of urea from water can be divided into the following categories: hydrolysis, adsorption, 

chemical oxidation and photochemical methods. 

Urea is easily soluble in water and can be hydrolyzed to produce ammonia and carbon dioxide under 

the action of acids, bases and enzymes, the process is significantly affected by temperature and 

pressure, and almost no decomposition occurs at temperatures below 40°C. At temperatures above 

130°C, the hydrolysis effect is significant and the reactions are as follows. 

𝑁𝐻2𝐶𝑂𝑁𝐻2 + 𝑥𝐻2𝑂 = 2𝑁𝐻3 + 𝐶𝑂2 + (𝑥 − 1)𝐻2𝑂   ∆𝐻 = +161.5𝐾𝐽/𝑚𝑜𝑙      (1) 

In the current research, hydrolysis methods are mainly divided into thermal hydrolysis, bio-hydrolysis, 

urease hydrolysis and catalytic hydrolysis. 

2.1 Hydrolysis method 

2.1.1 Thermal hydrolysis method 

Thermal hydrolysis is a commonly used treatment method for urea wastewater in the industry today. 

This method has been used in industry since the 1970s when steam was directly fed into the desorption 

tower to desorb the ammonia and carbon dioxide dissolved in the wastewater, so that the content of 

ammonia and carbon dioxide could be reduced to less than 0.1% respectively after treatment, and 

then discharged. This treatment method cannot recover the urea in the wastewater, which not only 

pollutes the environment but also makes a lot of water resources wasted. Most of the urea production 

plants at home and abroad mainly adopt the urea hydrolysis technology of Stmicarbon (Netherlands) 

or Snam (Italy)[5]. The main principle is to use the reverse process of urea generation, firstly, the 

ammonia and carbon dioxide dissolved in the wastewater are desorbed in the stripper tower, and then 

the urea is hydrolyzed in the hydrolysis tower at 180-240°C and 1.6-1.8 MPa for 30-60 min, and the 

CO2 and NH3 generated are recovered by the stripper tower, which is a process of desorption-hydrolysis-

desorption. 

Since the pressure requirement in the hydrolysis tower needs to be higher than the saturated vapor 

pressure at that temperature, the casting material of the hydrolysis tower must be high pressure 

resistant special stainless steel, which makes the cost of the equipment high, in addition, the process 

needs to consume a lot of steam for energy supply, and it is calculated that about 60 Kg of steam is 

needed to treat one ton of high concentration urea wastewater[6], while for medium and low 

concentration urea wastewater, the operating cost will be more The above deficiencies limit its deeper 

application in urea wastewater treatment. 

2.1.2 Biohydrolysis method 

Biohydrolysis is a method that uses a series of microorganisms to break down organic nitrogen into 

molecular nitrogen for degradation. There are many microorganisms in nature, especially in soil, that 

contain urease, and under certain conditions, these microorganisms can cause the hydrolysis reaction 

of urea to produce ammonia and carbon dioxide. The microbial strains contain aerobic 

microorganisms and parthenogenic anaerobic microorganisms. Aerobic microorganisms grow and 

reproduce in an aerobic environment, with molecular oxygen as the final electron acceptor, and carry 

out aerobic respiration. This microbial metabolic process requires the supply of oxygen, which 

undoubtedly requires increased power consumption and requires constant replenishment of carbon 

sources as power, and anaerobic microorganisms, which can complete biochemical reactions in the 

absence of oxygen or anaerobic conditions, and therefore achieve the purpose of purifying water 

bodies, but this microorganism is not complete for organic matter The decomposition is not complete, 
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for example, anaerobic digestion in industrial treatment of wastewater, methane burning is the end 

product of biodegradation, however, the presence of methane is not conducive to the recovery of 

ammonia in wastewater. Part-time anaerobic denitrifying bacteria can use oxygen from NO3- for 

respiration, with ammonium carbonate as an intermediate product and nitrogen as an end product, 

while organic nutrients are oxidized to carbon dioxide, and they do not affect ammonia recovery. 

Therefore, denitrifying bacteria are usually used as microorganisms for urea hydrolysis in urea plants. 

Despite the anaerobic biological treatment of urea wastewater technology, which requires high 

operating conditions and slow start-up, more attention has been paid to aerobic biological treatment 

of urea wastewater 

Cui Lianqi et al [7] used denitrifying bacteria in an up-flow sludge expansion bed to treat high 

concentration urea wastewater and found that pH had a significant effect, with a severe decrease in 

activity above 9 and 90% urea removal within 3 h in the range of 6.5-8.5. Gupta et al [8] also 

confirmed in a subsequent study that pH had a significant effect on both strain activity and urea 

removal. j . . M. Garrido et al [9] operated a combined upward flow filter (MUF) and aerobic 

suspended biofilm reactor (BAS) to treat high formaldehyde and urea wastewater and showed that 

complete hydrolysis was possible under anaerobic conditions. Fu [10] further optimized the urea 

process by using intermittently activated sludge (SBR) to make up for the poor phosphorus removal 

effect of the BAF process, which has a low operating cost and small footprint, the shortcoming is that 

it is still in the pilot stage and the aeration and sludge tanks cannot avoid unpleasant odor. 

The biodegradation method has the advantages of low cost and low energy consumption, but the 

method requires strict control of temperature, pH and concentration of urea solution in practical 

application, and is unable to help with a high concentration of urea wastewater, and is seriously 

affected by chlorine-based disinfectants in pool water treatment, which is still limited in a practical 

production application. 

2.1.3 Urease hydrolysis method 

The use of urease for treating industrial wastewater is a new technology developed abroad in the 

1970s. The immobilized pulse enzyme isolated from the organism is first immobilized, and then the 

immobilized pulse enzyme is brought into full contact with the waste stream to catalyze the hydrolysis 

of urea in it. Since urease can hydrolyze urea to produce ammonia and carbon dioxide at room 

temperature and pressure, this method of hydrolysis is very low energy consumption, and compared 

with other methods, the method of hydrolysis by urease is a promising method of urea wastewater 

treatment because of mild conditions and low cost. 

There are two main operating methods for urease processing: free enzyme-membrane separation and 

immobilized enzyme method. The former has been gradually eliminated due to the problems of 

operation and high operating costs, and the mainstream trend is to immobilize urease onto carriers by 

physical adsorption or chemical binding to improve the stability and reusability of the enzyme. The 

established immobilization methods can be broadly classified into four categories: adsorption, 

covalent binding, cross-linking, and embedding, while the carrier types are mainly natural carriers, 

and metal-organic skeletons have also been reported as carriers in recent years. 

Xu Hong et al [11] used the gelatin-glutaraldehyde embedding method and urea wastewater was 

removed from 92.5% of urea by immobilized enzyme column with only 3 min dwell time. Nivedita 

et al[12] achieved curing of urease using polyethyleneimine flocculation and bonding on cloth. Lin 

et al [13] used glutaraldehyde to immobilize urease onto polyacrylonitrile Yamazaki et al [14] 

immobilized urease in a thin film of k-hornwort gel, preserving the high catalytic activity of the urease 

itself, in up to seven reuses. Xiaoliang et al [15] immobilized urease on a metal-organic backbone 

(zeolitic imidazolium salt backbone -8, ZIF-) by using a biomimetic mineralization strategy in five 

cycles. 8), which exhibited good recoverability by maintaining 58.86% of the initial activity after five 

cycles. 

Although the urease degradation method has shown excellent activity and reusability in the treatment 

of urea wastewater, the activity of urease is influenced by external factors (temperature, pH, etc.), the 
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activity loss of urease is large during the test, the time to maintain high activity is not long, the half-

life of urease is very short, and there are also problems of separation and purification of urease, high 

operating cost, etc., so it is still only in the laboratory stage. It has not been applied in urea plants on 

a large scale. 

2.1.4 Catalytic hydrolysis method 

Catalytic degradation is a method that uses catalysts to reduce the activation energy required for the 

reaction without participating in the chemical reaction itself, which can accelerate the hydrolysis rate 

of urea, thus shortening the equilibrium time required for the reaction and achieving faster 

degradation of urea in wastewater. Although catalysts have long been maturely used in actual 

industrial production, there are few reports on catalytic degradation of urea. 

Schell [16, 17] used a series of vanadium compounds (V2O5, Na3VO4, NaVO4-nH2O, etc.) as catalysts 

to treat urea wastewater, which could be completely hydrolyzed at 110°C over 840 min, while 

vanadium itself is toxic and difficult to recycle. Wang et al [19] successfully deposited magnesium-

aluminum layered double hydroxide (MgAl-LDH) on η-Al2O3 by in situ deposition at 165°C for 120 

min, which reduced the urea solution from 8 g/L to 8.162 mg/L with remarkable effect. Sun Yujuan 

et al [20] used the hydrothermal method to synthesize α-MnO2 and δ-MnO2 catalysts under acidic and 

alkaline conditions, respectively, which could remove urea by more than 99%, and in addition, his 

group mentor, Mr. Shuguang Shen [21] loaded MgO onto η-Al2O3, which could also remove urea by 

99.96% and still reach 99.86% after four times of repeated use. 99.86% with high catalytic efficiency 

and reproducibility. 

To be closer to industrial practice, the screening of catalysts, the comparison of performance, the 

optimization of process conditions and the study of the catalytic mechanisms need further in-depth 

research. 

2.2 Adsorption method 

The adsorption method can treat urea wastewater with low concentrations, which can be achieved by 

passing the urea wastewater through a fixed bed containing adsorbent. Jin Weiwei [22] used activated 

carbon for the adsorption of urea from swimming pools and the removal rate was up to 47%, while 

later Kameda et al [23] used activated carbon to remove urea from the solution and the results showed 

that the adsorption process follows a quasi-secondary kinetic model, physical adsorption, and its 

adsorption gradually increases with decreasing temperature. 

Regardless of the material of the adsorbent, its removal rate is not ideal, and its own cost is too 

expensive to ignore. In addition, adsorbents have a certain adsorption capacity, and when the adsorbed 

dirt reaches the adsorption capacity, it needs to be regenerated, which will also increase the cost in 

actual operation, and it is difficult to use in actual industrial production. 

2.3 Chemical oxidation method 

2.3.1 Strong oxidant oxidation method  

The strong oxidant oxidation method for urea removal refers to the use of strong oxidant's own strong 

oxidizing properties to decompose urea through a series of chemical reactions, and usually, ozone, 

sodium hypochlorite, and chlorine can be used to oxidize and decompose urea. Yang Xiao et al [24] 

treated urea in swimming pools with a complex formulation of 65% calcium hypochlorite in the main 

body, which can simultaneously disinfect and sterilize as well as degrade urea, with the disadvantage 

that the required dose is too large and there are too many side reactions.De et al [25] conducted 

oxidative degradation of urea in swimming pools using chlorine, and the results showed that urea can 

be slowly decomposed by free chlorine in the water to CO2 and nitrate, with the reaction rate 

depending on the pH and the amount of chlorinating agent. 

The strong oxidant oxidation method has the advantages of simple operation and fast reaction speed, 

but the operating cost is too high, and the strong oxidant itself is easy to cause secondary pollution, 
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which limits its wide application in wastewater treatment, and large-scale industrial production is 

more difficult. 

2.3.2 Electrochemical oxidation method 

Electrochemical oxidation is the oxidation and decomposition of organic matter under the action of 

electric oxidation on the electrode surface or the action of free radicals generated by the electric field, 

the redox reaction of organic matter on the electrode surface is called direct electrochemical oxidation, 

and the degradation of organic matter through the electrochemical generation of oxides is called 

indirect electrochemical oxidation. The oxidation process is mainly influenced by the electrode 

potential, the composition of the electrolyte, the type of electrolyte, the pH value and the temperature 

of the solution. In an acidic environment, the urea changes depending on the anodic potential to 

ammonia and carbon dioxide, respectively, and at lower levels, it is hydroxylated, while in an alkaline 

environment the main products are nitro-nitrogen and ammonia [26, 27]. 

Tammam et al [28] used NiOx nanoparticle-modified high specific surface area substrate electrode, 

which could remove more than 60% of urea after 120 min when the surface loading of NiOx was 0.86 

mg/cm3. Hemlem [29] conducted an experimental study using DSA (Dimensionally Stable Anode) 

electrode to The experimental study of urea in electrolytic wastewater was carried out by Hemlem 

[29] using DSA (Dimensionally Stable Anode) electrode, and it was found that higher temperature 

not only accelerates the rate of urea decomposition, but also increases the energy and current 

efficiency, and has a significant effect on inhibiting side reactions, and the process also requires the 

addition of soluble chlorine salts to the wastewater. 

Although the electrochemical oxidative decomposition method has a certain effect and most of the 

gaseous products when degrading urea can be recycled again, soluble chlorine salts need to be added 

to the urea wastewater before treatment, and they must be removed after treatment, the process 

consumes huge power and has high operation cost, and the end products are different due to different 

electrolysis conditions, containing a lot of ammonia nitrogen and nitro nitrogen products are difficult 

to remove, so it is difficult to realize Therefore, it is difficult to achieve large-scale industrialization. 

2.4 Photochemical method 

Photochemical degradation is an important way to solve environmental organic pollution. Research 

shows that the nitrogen in organic matter, under photocatalytic conditions, can eventually be 

mineralized into nitrate and ammonium ions. In the photochemical treatment of urea, UV light and 

photocatalysts are mainly used for degradation. 

The molar absorption coefficient of water at 184.9 nm is 0.032 L/(mol-cm) (when the density of water 

is 1 kg/L, the molar concentration of water is 55.49 mol/L). Due to the strong absorption of 184.9 nm 

UV light by water, under these conditions, water undergoes homolytic or chemical dissociation 

reactions, and the resulting hydroxyl radicals, hydrogen atoms, and hydrated electrons trigger 

oxidation or reduction reactions of substances in water.Long et al [30, 31] carefully explored and 

compared the performance of seven ultraviolet (UV)-based technologies for urea removal, including 

UV-only, UV plus hydrogen peroxide (UV/H2O2), sulfite (UV/Na2SO3), potassium persulfate 

(UV/K2S2O8), UV and vacuum UV (UV/VUV) and a combination of UV/VUV with H2O2 (VUV 

/H2O2) or potassium persulfate (VUV/K2S2O8), UV /VUV degraded 71.7% of urea with no significant 

increase in TDS.Vaian et al [32] showed that visible LED dimming modulation using pulse width 

modulation (PWM) with variable peak-to-variable duty cycle significantly improved the 

photocatalytic degradation process. 

Although photocatalysis has achieved certain results in the experimental stage, the need for light as 

well as electricity consumption leads to high operating costs, so how to develop a cheap photocatalyst 

is a direction, in addition, the reaction light source is basically in the vacuum ultraviolet segment, 

how to upgrade it to the visible light stage is also a direction worth studying. 
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3. Conclusion 

The commonly used urea wastewater treatment method in industry is thermal hydrolysis, which needs 

to be carried out at high temperature and pressure, which not only requires high requirements for 

equipment materials but also consumes a large amount of medium pressure steam. Other methods 

such as service enzyme hydrolysis, biohydrolysis, catalytic hydrolysis, chemical oxidation and 

photochemical methods cannot be applied in the industry, due to low operational flexibility, high cost 

and high energy consumption. Therefore it is an important and urgent task to find a new method with 

low energy consumption, low investment and good effect to treat Paulownia wastewater. Solid-state 

catalysis and photocatalysis are already in mature use in other industries, and future degradation of 

urea should focus mainly on how to develop more efficient and low-cost catalysts, further upgrade 

the light source to the visible wavelength, and develop more efficient treatment methods that combine 

multiple processes.  
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