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ABSTRACT 

This study relates to an improved method for the preparation of azodicarbonamide, which is 

useful as a chemical blowing agent. Azodicarbonamide is prepared from the oxidation reaction 

of hydrazodicarbonamide (biurea) with hydrogen peroxide as a green oxidant in the presence of 

a potassium bromine as a catalyst. Biurea also is prepared by reaction of urea and hydrazine. 

The prepared products have been characterized by FTIR and TGA/DSC. By Series of 

comparative experiments, Factors of influencing the yield of azodicarbonamide are studied, 

such as the amount of oxidant and temperature of reaction solution. Under the optimum process 

conditions, the yield of azodicarbonamide can reach over 95%, with hydrogen peroxide 

oxidation process.  

Keywords: Azodicarbonamide, Hydrazodicarbonamide, Green Oxidation, Hydrogen peroxide 

oxidation. 
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Introduction  

Azodicarbonamide （ADCA) is a yellow powder and widely used in industry as a foaming agent 

[1-3] in the production of various products because its decomposition products are non-toxic, 

odorless and non-polluting. The gases from the ADCA decomposition are 65% nitrogen gas, 

24% carbon monoxide, 5% carbon dioxide and 5% ammonia [4-6]. 

Azodicarbonamide has the following structure [7]: 

 

The current process of ADCA is as follows: hydrazodicarbonamide (biurea) is synthesized from 

hydrazine hydrate and urea by means of acid condensation reaction [8], and ADCA is 

synthesized from biurea through oxidation reaction. There are several processes for producing 

azodicarbonamide by the oxidation of biurea, it can be divided according to different methods 

used dichromate oxidizing agent [9-11], chlorate method [12], chlorine method [13-15] and 

hydrogen peroxide process [16, 17]. The oldest and still commonly used process uses dichromate 

oxidizing agent. The dichromate method employed due to high cost and the pollution generated 

during chrome is eliminated. Further, the deep green color of the chromate ions masks the orange 

colored azo compound, to such an extent that it is difficult to determine the end point of the 

reaction. In addition, chromium compounds are skin irritants and cause health problems if any 

chromium residues remain in the product. Serious and expensive waste disposal problems also 

arise with use of chromium [9]. Hydrogen peroxide oxidation process is a new method to 

produce ADCA foaming agent. There is a current intense interest in using hydrogen peroxide as 

an environmentally friendly oxidant that produces water as a by-product [18-22]. The low 

oxidation power of hydrogen peroxide seems to be due to the poor leaving tendency of the 

hydroxide ions [23, 24]. With this  method, the only by-product is water, no pollutants. The 

dosage of the H2O2  is easy to  control. The product  has stable quality and yield. So, the method 

has a lot of advantages, such as no danger of explosion, no pollutants, no by-products, high 

product quality and high yield. 

In the present research, first of all biurea was synthesized from hydrazine and urea, after 

purification, ADCA was synthesized from biurea through oxidation with hydrogen peroxide 
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according to our reported procedure [25, 26]. The influence of factors such the amount of 

oxidant and temperature of reaction solution on product yield was investigated. 

Experimental 

Materials 

Urea, hydrogen peroxide (30%) and sodium bromide were obtained from Merck. Other materials 

were of commercial reagent grade and were purchased from Sigma-Aldrich or FLUKA 

companies and treated when necessary. 

General procedure for synthesis of biurea 

4 g (0.03 mol) of hydrazine sulfate, 5.4 g (0.09 mol) urea and 100 ml of water was heated to the 

refluxing temperature under refluxing conditions and with agitation. After about two hours of 

boiling with adding some sulfuric acid that was added dropwise to hold the pH at a level between 

2 and 2.5. The reaction was discontinued at the end of five hours total elapsed time. The reaction 

mixture was then cooled and filtered and the filtered precipitate was washed with water. 

General procedure for the preparation of azodicarbonamide by oxidation of 

biurea with hydrogen peroxide. 

2.3 g (0.02 mol) of the biurea was suspended in some water and 0.6 mmol of potassium bromide 

as a catalyst was added. The pH was down to less than 2 with adding some sulfuric acid. The 

suspension was heated to the chosen reaction temperature and, after the pH value had been 

adjusted, 0.09 mol of hydrogen peroxide was added. After the oxidation increase, the reaction 

mixture was stirred for 30 minutes in a stirred water bath to form yellow ADCA deposits. Then 

filtered the product and washed several times with distilled water. 

Results and discussion 

IR spectra of ADCA and biurea 

As shown in Figure. 1, the IR of ADCA and biurea have been compared. The IR band 

assignments of ADCA and biurea are listed in Table 1. 
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Table 1. Comparison of IR spectra in frequency and assignments of ADCA and biurea. 

 

 

Figure 1. IR spectra of azodicarbonamide (ADCA) and biurea. 
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FTIR spectras agree with the standard spectra of biurea and azodicarbonamide [27, 28], 

indicating that the products are biurea and azodicarbonamide. 

Thermal Analysis of ADCA 

TG and DSC curves for ADCA are presented in Figure 2. Pure ADCA has three peaks 

corresponding to three mass loss steps in the TG curve [29, 30].  

There is a sharp endothermic peak (220 °C) in the DSC curve, with a mass loss of about 75% in 

the TG curve. At the end of analysis, the sample mass reaches to zero [31]. 

 

Figure 2. TG and DSC curves for ADCA. 

 

Catalytic oxidation of biurea to ADCA  with hydrogen peroxide 

In order to find the suitable reaction conditions, the effect of the various reaction parameters that 

may affect the yield of the reaction were studied. The amount of oxidant and temperature of 

reaction solution are the factors that have been evaluated.  
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The effect of H2O2 concentration on the oxidation of biurea has also been studied (Table 1). The 

H2O2 concentrations used were 0, 0.06 and 0.09 mol, while the amount of biurea was kept fixed. 

It is clear from Table 1 that the percentage of ADCA yield increases with increasing the H2O2 

content. In general, it is appropriate to use H2O2 in excess of the stoichiometrically required 

amount of one mol per mol of biurea. 

Table 1. The effect of oxidant amounts on the oxidation of biurea catalyzed by potassium bromidea,b. 

 

 

 

 

aReaction conditions: the molar ratio for catalyst:biurea: H2O2 (30%) are 1:33:X. b Reaction time: 30 min. 

cIsolated yield. 

 

Examine the effect of temperature on the yield of the product, the experimental results are shown 

in figure 3. The figure 3 shows that with the increase of temperature, the yield of ADCA 

increasing, when after reacting for 600C and further increments of temperature can slightly 

decrease the yield. This may be due to thermal decomposition of H2O2. 

 

Figure 3. Effect of temperature on the yield of azodicarbonamide 

 

Yield of ADCAc )%(  
Oxidant amount 

(mol) 
Entry 

0 none 1 

75 0.06 2 

96 0.09 3 
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Conclusion 

It can be concluded that this catalytic system is highly efficient for oxidation of biurea to ADCA 

with hydrogen peroxide as an environmentally friendly oxidant. Addition of KBr as a catalyst to 

the biurea/hydrogen peroxide systems led to a remarkable increase in the yield of ADCA. In this 

work, by optimization of reaction conditions, factors of influencing the yield of 

azodicarbonamide were studied. Under the optimum process conditions, the yield of 

azodicarbonamide reached over 95%, with hydrogen peroxide oxidation process.  

Acknowledgments 

The financial support of this work by ACECR is acknowledged. 

References  

[1] Á. Kmetty, K. Litauszki, D. Réti, Appl. Sci., 8, 1 (2018). 

[2] M. Niaounakis, Biopolymers: Processing and Products, William Andrew, Netherlands 

(2015). 

[3] N. MadadiMahani, Int. J. New. Chem., 6, 34, (2019). 

[4] A. Douibi, L. Gouissem, M. Guessoum, D. Benachour, Int. J. Eng. Technol. Sci. 14, 60 

(2014).   

[5] A. Sims, S. Jaafar, J. Cell. Plast., 30, 175 (1994). 

[6] I. Krutko, I. Danylo, V. Kaulin, Voprosy khimii i khimicheskoi tekhnologii, 1, 26 (2019). 

[7] J. H. Bryden, Acta. Cryst., 14,61(1961). 

[8] M. Qi, R. Guo, M. Su, X. Cheng, L. Zhang, Appl. Mech. Mater., 448, 464 (2014). 

[9]  H. Kume,  T. Maekawa, Preparation of azodicarbonamides, JPS5398926A. 

https://patents.google.com/patent/JPS5398926A/en
https://patents.google.com/patent/JPS5398926A/en


International Journal of New Chemistry, 2021, 8(3), 356-364.                    E. Bohloulbandi et al 

  
 

 363 [Date] 

 

[10]  H. A. Hill, Manufacture of azodicarbonamide, US patent 2988545A. 

[11] M. Williams, W. McEwan, A. R. Henry, J. Phys. Chem., 61, 261 (1957). 

[12] B. Ignaz, Preparation of azodicarbonamide, US patent 3227706A. 

[13] W. Woodrow, Oxidation of hydrazoamides to azoamides, US patent 3190873A. 

[14] W. Fuzhen, H. Guodong, W. Bozhen, Clean production method of azodicarbonamide, CN 

patetnt 102408359A. 

[15] D. Mei, C. Haixian, Method for producing ADC foaming agent by using chlorine gas-

oxidized HDCA (biurea) in saturated hydrochloric acid solution, CN patent 102675158A. 

[16] C. Shihao, C. Xuechen, H. Bing, H. sheng yang, Method for preparing azodicarbonamide 

by hydrogen peroxide oxidization method, CN patent 103058893A. 

[17] S. Bohm,  K. Wedemeyer, Process for the production of azodicarbonamide, US patent 

4088643A. 

[18] R. A. Sheldon, Top. Curr. Chem., 164, 21 (1993). 

[19] S. Rayati, E. Bohloulbandi, C. R. Chimie., 17, 62 (2014). 

[20] S. Rayati, S. Shokoohi, E. Bohloulbandi, J. Iran. Chem. Soc., 13, 1983 (2016). 

[21] A. Ebadi, F. Nikbakht, Reac. Kinet. Mech. Cat., 104, 37 (2011). 

[22] M. Javaherian, F. Doraghi, Reac. Kinet. Mech. Cat., 116, 235 (2015). 

[23] G. Strukul, Catalytic Oxidation with Hydrogen Peroxide as Oxidant, Kluwer, Dordrecht 

(1992). 

[24] J. O. Edwards, Peroxide Reaction Mechanisms, Wiley-Interscience, New York (1962). 

https://patents.google.com/patent/US2988545A/en
https://patents.google.com/patent/US3227706A/en
https://patents.google.com/patent/US3190873A/en
https://patents.google.com/patent/US4088643A/en
https://patents.google.com/patent/US4088643A/en


International Journal of New Chemistry, 2021, 8(3), 356-364.                    E. Bohloulbandi et al 

  
 

 364 [Date] 

 

[25] E. Bohloulbandi, P. Ahmadi Aval, Z. Amiri, Int. J. New. Chem., 2020; DOI: 

10.22034/ijnc.2020.118968.1078. 

[26] P.Ahmadi Aval, E. Bohloulbandi, A. Khavari, H. Mohamadi, Int. J. New. Chem., 2020; 

DOI: 10.22034/ijnc.2020.119046.1080. 

 [27] A. Asgari, K. Ghani, M. H. Keshavarz, Z. Anorg. Allg. Chem., 1607, 58 (2018). 

[28] R. A. Reed, Br. Plast., 33, 468 (1960). 

[29] H. Yang, T. Xu, X. Zhu, X. Li, Y. Li, J. Therm. Anal. Calorim, 123, 75 (2016). 

[30] Y. Xie,  P. Li, J. Zhang, H. Wang, H. Qian, W. Yao, Spectrochim. Acta. Part A: Mol 

Biomol. Spectrosc, 114, 80 (2013). 

[31] E. Hawkins, J. Chem. Soc. C., 2686 (1969). 

 

 

 

 

 

 

 

 

  

How to Cite This Article 

Elaheh Bohloulbandi, Parviz Ahmadi Aval, “Study on Catalytic Synthesis of 

Azodicarbonamide with Hydrogen Peroxide as a Green Oxidant” International 

Journal of New Chemistry., 2021; DOI: 10.22034/ijnc.2020.136525.1129. 

 


	Study on Catalytic Synthesis of Azodicarbonamide with Hydrogen Peroxide as a Green Oxidant
	ABSTRACT
	Keywords
	Introduction
	Experimental
	Materials
	General procedure for the preparation of azodicarbonamide by oxidation of biurea with hydrogen peroxide.
	Results and discussion
	IR spectra of ADCA and biurea
	Thermal Analysis of ADCA
	Catalytic oxidation of biurea to ADCA with hydrogen peroxide
	Conclusion
	Acknowledgments
	References
	How to Cite This Article

