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Summary 
This paper describes one of the oldest nitrogen fertilizers: ABC or Ammonium BiCarbonate. More than 
500 plants in China already produce ABC, which is mainly used as fertilizer. In these plants ABC is a 
byproduct of the main product ammonia. 
The major drawbacks of ABC is its volatility at higher temperatures and  its hygroscopic behavior 
which troubles the application in powder form.  
Although ABC has these drawbacks it is still produced in large amounts probably due to its low cost 
price. Further there are some developments to increase the efficiency of ABC. 
ABC is also used in other applications like food, fire extinguishers and in the manufacture of porous 
plastics, ceramics, dyes, and pigments. 
Furthermore ABC is able to act as a CO2 sequestrator: ABC is namely formed when flue gases are 
scrubbed with ammonia. And when both the CO2 and NH3 would be consumed in the photosynthesis 
process, one would be able to contribute to solve the global warming process. 
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1. Introduction 

This paper describes one of the oldest nitrogen fertilizers: ABC or Ammonium BiCarbonate. More than 
500 plants in China already produce ABC, which is mainly used as fertilizer. In these plants ABC is a 
byproduct of the main product ammonia. 
The major drawbacks of ABC is its volatility at higher temperatures and  its hygroscopic behavior 
which troubles the application in powder form and therefore ABC seems to have no future.  
However ABC is able to act as a CO2 sequestrator: ABC is namely formed when flue gases are 
scrubbed with ammonia and when both the CO2 and NH3 would be consumed in the photosynthesis 
process, one would be able to contribute to solve the global warming process. 
 

2. Properties of ABC 

ABC stands for Ammonium Bicarbonate has as molecular formula  
NH4HCO3 (CAS number 1066-33-7) 
ABC is a white, crystalline powder with faint ammonia odor.  
ABC fertilizer grade has a nitrogen content of min. 16.8 wt% and 
typically a moisture of max 5 wt%. 
 
Dry ABC has a certain stability and nice flow properties at room 
temperature. 
However ABC will decompose at 49 oC causing the formation of 
carbon dioxide and ammonia gases. ABC further has weak 
hygroscopic properties and a strong volatility in the air.  
 
There are many factors that can affect the loss of N from ABC, 
such as temperature, humidity, stored volume, sealing 
conditions, application measures, and so on. Temperature is one 
of the most important factors since volatilization rapidly increase 
as temperature increases.  
 
Table 1 shows experimental results on volatilization speed of ABC under different temperature and 
exposure conditions. In brief, Table 1 indicates that ABC should be covered by soil immediately after 
application in the field, especially under conditions of high temperature. 
 
Table 1: ABC volatilization speed under different environments  

Temperature (oC) Volatilization speed (g/100g/day) 

Stored in double sealed plastic bags 
 

27-29 0.124-0.184 

12-26 0.096-0.118 

5-11 0.020-0.028 

Interval exposed (open bags twice a 
week, 1 hour each time) 

 

27-29 0.190-0.358 

12-26 0.124-0.140 

Under exposed condition 
 

27-29 4.167-6.100 

12-26 1.967-4.033 

5-11 0.100-0.167 

 
 

Picture 1: ABC powder 
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3. ABC production process 

The typical Ammonium Bicarbonate production process applied in China 
uses anthracite as the raw material. Anthracite is a hard, compact variety 
of mineral coal that has a high lustre. It has the highest carbon count and 
contains the fewest impurities of all coals, despite its lower calorific 
content.  

In most ABC plants in China, ABC is in fact a byproduct of the main 
product which is ammonia. For the production of ammonia, carbon dioxide 
needs to be removed and this is done by a process called as 
carbonization. From the period of the 60’s of last century, Chinese 
chemical fertilizer industry utilizes water-gas-shift reaction to produce a 
synthesis gas mixture containing hydrogen and nitrogen, which after 
further processing produces synthesis ammonia as the main end product. The raw synthesis gas 
contains also amounts of CO2, CO and others as impurities. These impurities must be removed before 
the NH3 synthesis step. Therefore, a part of produced aqueous ammonia is re-injected back to remove 
CO2 and other acid gases and purify the gas mixture. CO2 will react with the aqueous ammonia at a 
pressure of 8 bar and a temperature of 30-40 oC and form the ammonium-bicarbonate, which is a by-
product of this technology. Figure 1 shows the block diagram of a typical ABC plant in China.  

 
 

 

Picture 2: Anthracite 

Figure 1: Process block diagram of a typical Chinese ABC plant 
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By feeding a certain particular size anthracite coal or coke into a fixed bed gasifier, and alternatively 
supplying air and steam into the bed, the synthesis gas is produced. After cooling down, it is pumped 
to a storage bank. Then after removing the dust, it is pressurized and sent into desulfurization section. 

The sulfur-free synthesis gas is further compressed and sent into a scrubber to remove most of the 
CO by a shift reaction. The gas, then enters the carbonization column to remove CO2.The semi-clean 
and CO2-free synthesis gas is pressurized further and enters the CuSO4 washing tower to remove the 
residual CO. After above treatments, the synthesis gas becomes pure and the amount of CO+CO2 is 
lower than 20×10-6. The clean synthesis gas then is pressured to 32MPa and NH3 product is obtained 
as the main product of this process. As indicated already a part of the main product NH3 is re-fed into 
the loop removing CO2 and produces the ABC a by-product.  
 
Some Chinese ABC plants dry the product by flash drying and several plants add a crystal modifier in 
order to make the ABC crystals bigger. This will facilitate the operational condition of the centrifuge 
and reduces the moisture content of the product is 5% to 3%. This positively influences the 
decomposing loss and agglomeration of the product. 

Another ABC production process is in operation at Mangalore Chemicals & Fertilizers in India. This ABC 
plant is capable of producing 15,000 MT/year and is based on indigenous technology. The main raw 
materials, NH3 and CO2, are first bubbled through water in a carbonation tower to form an ammonium 
carbonate ((NH4)2CO3 solution. This solution is fed to a Bi carbonation tower where it is further 
reacted with CO2 to form a slurry of ABC. This slurry is pumped to a centrifuge to separate crystals of 
ABC from the mother liquor. The wet ABC crystals are dried in a rotary drier and then bagged.  

Pictures 3 & 4: Examples of ABC plants 
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4. ABC fertilizer application in China 

Nitrogen (N) fertilizers in China mainly include urea, ABC, ammonium nitrate, ammonium sulphate, 
ammonium chloride, and some potassium nitrate. After 40 years of development, China has become 
the largest N fertilizer producer in the world. At the end of 2001, there were 644 N-manufacturing 
enterprises in China. Among them, 79 produce urea and 565 produce ABC (typical capacity 5.000-
10.000 mtpy ammonia and 20.000-40.000 mtpy ABC). ABC is a commonly used N-fertilizer in China 
as can be seen in Table 2. The produced ammonia is used as raw material to produce urea or sold as 
ammonia product. 

Table 2. Nitrogen use in China (million tons/year).  

Product 1997 1998 1999 2000 2001 2002 

ABC 8.3 7.7 7.4 6.4 6.2 6.3 

Urea 10.2 12.1 13.9 14.1 15.3 16.3 

Others 1.9 2.0 2.0 2.2 2.7 3.2 

Total 20.4 21.8 23.3 22.7 24.2 25.8 

 

Product 2003 2004 2005 2006 2007 2008 

ABC 6.2 8.3 8.6 6.0 5.6 6.0 

Urea 15.6 16.2 19.2 21.0 22.7 23.4 

Others 7.0 5.5 3.2 6.5 9.6 10.4 

Total 28.8 30.0 31.0 33.5 37.9 39.8 

 
Picture 5 shows side dressed ABC in a corn field. A large amount of ammonium bicarbonate is used in 
China every year as can be seen in Table 2, especially in southern China. However the use efficiency 
ratio of ABC is very low in agricultural production due to its great volatility in storage and/or in its 
application. Therefore, the risks of environmental pollution are relatively high and ABC seems to be a 
poor choice in terms of farmer fertilizer investment. On the other hand the price of ABC is 
considerable lower than urea: Euro 75 / ton for ABC versus Euro 180 / ton for urea at this moment. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

Agricultural research indicate that ABC is not a very efficient N fertilizer source. In the future, to 
increase fertilizer use efficiency, use of better N fertilizers and slow-release N fertilizers should be 
emphasized. 

Picture 5 & 6: Side dressed ABC in a corn field and ABC bagged 
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There are some developments to improve the efficiency of ABC. ABC can be pressed to pills weighing 
about 1 g overcoming the poor physical properties of the ABC as a powder. The Chinese company 
Henan Fenglu Trading Co.,Ltd offers a press machine which at room temperatures can press different 
powder particles to produce urea ammonium bicarbonate, chloride, ammonium phosphate, potassium 
chloride and other materials or any other compound fertilizer. 
Extensive field experiments laid down on various soil areas in China showed good crop responses 
when ABC pills were deep dressed.  
Also developments to produce slow release ABC are described. In the 1990s a modified ABC, known as 
long-effect ABC, was developed. It is a product of nanosized co-crystallized dicyanodiamide (DCD) and 
ABC. The hydrogen bonds between the DCD and the ABC affect physical properties of ABC such as 
volatility, stability and ability to remain in the soil for as long as 100 days. Compared to the modern 
nitrogen fertilizers such as urea, ammonium nitrate and ammonium sulphate, in terms of nitrite (NO2

-) 
and nitrate (NO3

-) run-off, the utilisation of ABC with DCD has generated a very favourable 
environmental impact. 
 

5. Food grade ABC and other applications 

Ammonium bicarbonate is also used in the food industry as a raising agent (e.g., for gingerbread,  
digestive biscuit or Chinese youtiao). It was commonly used in the home before baking soda was 
made widely available. Many baking cookbooks (especially from Scandinavian countries) may still 
refer to it as hartshorn or hornsalt. In many cases it may be substituted with baking soda. 

    

 

Ammonium bicarbonate is further a commonly used reagent for industrial and research procedures. 
Large-scale applications include the manufacture of porous plastics, ceramics, dyes, and pigments. 
Ammonium bicarbonate is also used in fire extinguishers. 
The use of ammonium bicarbonate as a foaming agent in the development of macroporous 
hydroxyapatite scaffolds for bone tissue engineering has been discussed. The effect of ammonium and 
bicarbonate levels on tomato plant growth under saline conditions has been studied. Ammonium 
bicarbonate has been used in the preparation and isolation of neoglycoprotein conjugates. Ammonium 
bicarbonate is volatile in solution and releases ammonia and CO2. This property makes ammonium 
bicarbonate a good buffer for such applications as lyophilization and matrix assisted laser desorption 
and ionization (MALDI) mass spectrometry. Ammonium bicarbonate is used in the analysis by 
exonuclease digestion and electrospray mass spectrometry of oligonucleotides with blocked termini. 
It is utilized for the in-gel digestion of proteins by trypsin (Product No. T 6567) and in the MALDI mass 

Pictures 7, 8 & 9: Applications of food grade ABC 
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spectrometric analysis of proteins. The isolation of sulfated xylan oligosaccharides using ammonium 
bicarbonate was reported in a study of their action on human immunodeficiency virus 1 (HIV- 1). A 
procedure using ammonium bicarbonate in the purification of tetraantennary oligosaccharides from 
human asialyl orosomucoid has been published. 
 

6. ABC as CO2 sequestrator 

The main idea of this technology is to sequester CO2 as ammonium bicarbonate using aqueous 
ammonia. Selective catalytic reduction (SCR) - injection of gaseous NH3 or aqueous NH3 for removing 
NOx from flue gas - is widely applied in power plants. 
Similarly, it might also be economical to use NH3 for capturing CO2 in utility systems. By taking 
advantage of the acidic nature of CO2 in aqueous media, ammonia/water liquors can be used to scrub 
out CO2 in the form of ammonium bicarbonates and carbonate as a stable chemical compound.  
 
These ammonia salts, which can be used as nitrogen fertilizers, contribute to storing organic carbon 
in the soil, both in large quantities and for a long duration. The removal of CO2 by ABC has two 
benefits: formation of biomass with the assistance of nitrogen furnished by ammonium (NH4

+) and the 
permanent sequestration of CO2. 
A lot of data on plant growth exist with respect to different plants, soils and climates with respect to 
ABC. A study on the effect of ammonium bicarbonate on methane emission from soil indicated that no 
significant influence was found. Preliminary studies show that using ammonia to capture the CO2 
emitted from fossil-fuel combustion can be an effective and economical method to manage carbon. 
 
Under the international cooperation with U.S. Department of Energy, the National Power Plant 
Combustion Engineering Technology Research Center (NPCC) in China has designed and built an 
absorption facility in which the spraying aqueous ammonia was injected in order to sequestrate CO2 in 
flue gas. It is concluded that spraying ammonia not can only capture CO2 but also SO2 and NOX from 
the flue gas. Absorption efficiencies of both CO2 and SO2 are ascended with increasing the ammonia 
concentration. The reacted ammonia solution after absorbing CO2, SO2 and NOX contains NH4HCO3, 
(NH4)2SO4 and NH4NO3.  
 
ABC can act as a “CO2 carrier” to “transport” CO2 from the combustion of fossil fuels to soil structure 
and crops in the farm lands since it is water soluble. Firstly, ABC is an economical and environmental 
acceptable nitrogen and carbon fertilizer. After biological assimilation and metabolism in crops, a 
considerable amount of the carbon is absorbed by the plants with increased biomass production. 
Secondly, the majority of the unused carbon source percolates into the soil as water-soluble 
bicarbonates move into alkaline aquifers to form carbonate salts of calcium (CaCO3) and magnesium 
(MgCO3). These carbonates are environmentally benign and water insoluble salts. They are found in 
most natural caverns. 
 
A literature review has been done by Dustin Hughes to calculate the possible impact of ABC in global 
carbon sequestration: World fossil fuel combustion, cement and fertilizer manufacture produces 22 
Gt/y of CO2 while terrestrial photosynthesis currently binds 390 Gt/y of atmospheric carbon (Alpert, 
1993). Therefore, increasing plant photosynthesis by 6 %/y would account for all anthropogenic CO2 
emissions. Fast growing poplar trees are capable of world-wide growth, sequestering 140:1, carbon 
moles per mole of N fertilizer applied (Samson et al., 1999). Applying mathematical calculation to the 
experimental results, it can be concluded that when charcoal compounded, ABC has a C:N ratio of 
143:1 (normal content is 140:1, char adds 3 moles of carbon) and plant photosynthesis increases by 
30%. Therefore, using ABC to fertilize poplar trees can remove a net 1.27 Gt/y of CO2 from the 
atmosphere and transform a whopping 81 GJ/y of heat as a by-product of manufacturing. By applying 
ABC char fertilizer to Earth’s existing forests, an additional 2.6 Gt/y sink of sequestered C is created, 
supporting 5.2 Gt/y of live tree wood (trees are 50% water). Given the 30% increase in plant mass 
due to ABC char, an atmospheric CO2 decrease of 1.2 ppm/y results, accounting for 72% of the 
world’s ten year Kyoto commitment.  
 



  

 

8 

ABC can thus also be an innovative product and might contribute to solve the global 
warning process. 
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Hofung Technology specializes in marketing and sales of technology and equipment for the chemical, 
petrochemical, power and energy industries. We have been operating in China since 1992. 

By successfully combining western management and local know-how, we have become the strategic 
partner for many well-known multinational companies, both Chinese and foreign. 

We assist our foreign partners in developing the Chinese market for their products and services, and 
at the same time introduce to our Chinese clients state of the art equipment and technology.  

With our extensive network of sales people and sub-agents, we can confidently say that we cover all 
major clients and markets in China. 

Building on its experience and thorough understanding of local business practices, Hofung Technology 
has in its field built a leading position in the transfer of technology to China.  

And as China's development continues, Hofung Technology is focusing more and more on export of 
local technology and equipment to foreign markets. 

 

Hofung Technology 

Botai International Center, Bld. B, 16th Fl. 

122 Nanhu dongyuan, Chaoyang District  

100102 Beijing, China 

T: +86 10 8471 1038 

F: +86 10 8472 3149 

E: info@hofung-technology.com  

I: www.hofung-technology.com 
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Since January 1, 2009, Mark Brouwer left Stamicarbon and started up UreaKnowHow.com. 
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Please feel welcome at UreaKnowHow.com, the website where the urea industry meets.  

www.ureaknowhow.com 

features  

 Largest network in the urea industry with more than 240 engineers from over 140 urea plants 
 Monthly distribution of two Technical Papers 
 World’s largest Urea E-Library with more than 370 technical documents 
 Round Table discussion including ammonia and other fertilizers 
 Job Portal for urea engineers 
 Partnership with UreaNet.cn: the Chinese urea network 

 
And much more to come 
 
 

  

  


