
Nitric Acid: A 

Comprehensive 

Overview
Nitric acid (HNO3), a highly corrosive and powerful acid, plays a pivotal role in 

various industries, including chemical manufacturing, explosives production, 

and metal processing. It is a colorless, fuming liquid with a pungent odor, known 

for its strong oxidizing properties. This presentation delves into the intricate 

world of nitric acid, exploring its chemical makeup, production methods, 

applications, and safety considerations.



Chemical Formula and Molecular Structure

Formula is HNO3.

Contains hydrogen, nitrogen, and oxygen atoms.

Nitrogen

Central atom with five valence electrons.

Oxygen

Two oxygen atoms bonded to nitrogen.

Hydrogen

One hydrogen atom attached to one 

oxygen.



Physical and Chemical 

Properties

C olorless, fuming liquid at room temperature.

Highly reactive, strong oxidizer.

1 Strong Acid

Releases hydrogen ions when 

dissolved in water.

2 Oxidizer

Accepts electrons from other 

molecules.

3 Corrosive

Reacts with many sub stances, causing damage.



Applications and Safety 
Considerations

Manufacture of fertilizers, explosives, and plastics.

Used in etching metals and refining gold.

Storag e

In cool, well-ventilated areas.

Handling

Wear appropriate protective gear.

Disposal

Follow strict safety protocols.



Production Methods

The primary method for producing nitric acid is the Ostwald process, a multi-step chemical process named after German 

chemist Wilhelm Ostwald. This process involves the oxidation of ammonia (NH3) to nitric acid using a series of catalytic 

reactions. The first step involves oxidizing ammonia to nitric oxide (NO) in the presence of a platinum-rhodium catalyst. 

The nitric oxide is then further oxidized to nitrogen dioxide (NO2). The nitrogen dioxide is finally dissolved in water to 

form nitric acid.

1 Ammonia Oxidation

Ammonia is oxidized to nitric oxide (NO) in the presence of a platinum-rhodium catalyst. This step 

requires high temperatures (around 850-950°C) and is highly exothermic, releasing significant heat 

energy.

2 Nitric Oxide Oxidation

Nitric oxide is further oxidized to nitrogen dioxide (NO2) in the presence of oxygen. This step is also 

exothermic, releasing more heat energy.

3 Absorption and Concentration

The nitrogen dioxide is absorbed in water to produce nitric acid. The nitric acid solution produced in 

this step is typically around 60% concentrated. To achieve higher concentrations, the solution is further 

concentrated using distillation methods.



Oxidation of Ammonia (Ostwald 

Process)

1 Step 1: Oxidation of Ammonia

Ammonia is oxidized to nitric oxide using a platinum-rhodium catalyst. This reaction 

occurs at high temperature, about 800-900°C. The reaction is exothermic, releasing 

heat.

2 Step 2: Oxidation of Nitric Oxide

Nitric oxide is further oxidized to nitrogen dioxide using air. This reaction occurs at a 

lower temperature, about 200-300°C. The reaction is exothermic and releases more 

heat.

3 Step 3: Absorption of Nitrogen Dioxide

Nitrogen dioxide is absorbed in water to form nitric acid. This reaction is highly 

exothermic, producing a significant amount of heat. The concentration of nitric acid 

obtained is typically 60% by weight.



Reaction of Sulfur Dioxide and Air 
(Deacon Process)

1 Sulfur Dioxide Oxidation

Sulfur dioxide is oxidized to sulfur 

trioxide in the presence of a catalyst, 

typically vanadium pentoxide. This 

reaction occurs at high temperatures, 

around 400-500°C. This process is 

called the Deacon process.

2 Sulfur Trioxide Absorption

The sulfur trioxide is then absorbed in 

concentrated sulfuric acid to form 

oleum (H2S2O7). This reaction is 

highly exothermic and releases a 

significant amount of heat.

3 Dilution and Nitric Acid Production

The oleum is then diluted with water to produce concentrated sulfuric acid and nitric acid. 

This process is exothermic, releasing heat. The final product is nitric acid, which is typically 

around 98% by weight.



Thermal Decomposition of Sodium Nitrate

Reaction Equation

2NaNO3 (s) → 2NaNO2 (s) +  O2 (g)

Process Overview

This method involves heating sodium nitrate to a high 

temperature, around 300°C . This decomposition process yields 

sodium nitrite and oxygen gas. The oxygen gas is then reacted 

with nitric oxide to produce nitrogen dioxide, which is then 

ab sorb ed in water to produce nitric acid.



Raw Materials

The key raw materials for nitric acid production are ammonia (NH3) and air. Ammonia is a colorless gas with a pungent odor, and it serves as the primary 

source of nitrogen for nitric acid synthesis. Air is the source of oxygen, which is essential for the oxidation reactions that occur in the Ostwald process. 

The ammonia used in nitric acid production is typically derived from the Haber-Bosch process, a highly efficient process that converts nitrogen gas (N2) 

and hydrogen gas (H2) into ammonia.

Ammonia

Ammonia is a colorless gas with a pungent odor, and it serves as the 

primary source of nitrogen for nitric acid synthesis.

Air

Air is the source of oxygen, which is essential for the oxidation 

reactions that occur in the Ostwald process.



Feedstock Preparation and Purification

Ammonia Feedstock

Ammonia (NH3) is the primary feedstock 

for nitric acid production. It is typically 

obtained from the Haber-Bosch process, 

which combines nitrogen and hydrogen 

under high pressure and temperature.

Purification

The ammonia feedstock must be 

carefully purified to remove impurities 

such as water, carbon dioxide, and 

hydrocarbons. This is achieved through 

various techniques, including distillation, 

absorption, and adsorption.

Air Supply

Air is another essential component in the 

nitric acid production process. It 

provides the oxygen required for the 

oxidation reaction of ammonia.



Oxidation Reactions

The Ostwald process involves a series of oxidation reactions, where ammonia is gradually 

converted into nitric acid. These reactions are catalyzed by platinum-rhodium alloys, 

which significantly enhance the rate of reaction. The first oxidation step involves 

converting ammonia (NH3) into nitric oxide (NO) in the presence of oxygen. The second 

step involves oxidizing nitric oxide (NO) to nitrogen dioxide (NO2) using additional 

oxygen. These reactions are highly exothermic, meaning they release significant heat 

energy.

Ammonia Oxidation

4 NH3 + 5 O2 → 4 NO + 6 H2O

Nitric Oxide Oxidation

2 NO + O2 → 2 NO2



Absorption and Concentration

The nitrogen dioxide (NO2) produced in the oxidation steps is then dissolved in water to 

form nitric acid (HNO3). This process is carried out in absorption towers, where nitrogen 

dioxide gas is introduced into a stream of water. The absorption process is accompanied 

by the release of heat, which can be harnessed to generate steam or power. The nitric 

acid solution produced in this step is typically around 60% concentrated. To achieve 

higher concentrations, the solution is further concentrated using distillation methods.

Nitrogen Dioxide (NO2) Water (H2O) Nitric Acid (HNO3)

Gas Liquid Liquid

Red -brown gas Colorless Colorless

S trong oxidizer Solvent S trong acid



Purification and Stabilization

The nitric acid produced through the Ostwald process typically contains impurities, including nitrogen oxides, dissolved gases, and traces of metals. 

To ensure high purity and stability, further purification and stabilization steps are employed. These steps may involve disti llation, vacuum drying, and 

the addition of stabilizers. Distillation removes volatile impurities and increases the concentration of nitric acid. Vacuum drying removes moisture 

and residual gases, while stabilizers are added to prevent decomposition and enhance shelf life.

Distillation

Distillation removes volatile impurities and 

increases the concentration of nitric acid. 

The process involves heating the nitric acid 

solution to its boiling point, allowing the 

more volatile impurities to evaporate and 

collect separately. This process results in a 

more concentrated and pure nitric acid 

solution.

Vacuum Drying

Vacuum drying removes moisture and 

residual gases from the nitric acid solution. 

By reducing the pressure, the boiling point 

of water is lowered, allowing water to 

evaporate at a lower temperature. This 

process removes any remaining moisture 

and volatile impurities, further enhancing 

the purity and stability of the nitric acid.

Stabilizers

S tabilizers are added to prevent 

decomposition and enhance shelf life. These 

substances, typically urea or certain organic 

compounds, react with any trace amounts 

of nitrogen oxides that may be present, 

preventing the decomposition of nitric acid. 

S tabilizers also contribute to the overall 

stability and longevity of the nitric acid 

product.



Applications and Uses

Nitric acid is a versatile chemical with a wide range of applications in various industries. It is a key ingredient in the 

production of fertilizers, explosives, and pharmaceuticals. Nitric acid is also used in the manufacturing of plastics, dyes, 

and synthetic fibers. In the metal processing industry, nitric acid is used to etch and clean metal surfaces, removing 

oxides and other impurities. It is also used in the production of aqua regia, a highly corrosive mixture of nitric acid and 

hydrochloric acid, which can dissolve noble metals such as gold and platinum.

Fertilizers

Nitric acid is used to produce nitrogen-containing 

fertilizers, such as ammonium nitrate (NH4NO3), which 

are essential for plant growth and crop yields.

Explosives

Nitric acid is used in the production of explosives, such 

as dynamite and ammonium nitrate-based explosives, 

used in mining, construction, and other industries.

Pharmaceuticals

Nitric acid is used in the production of certain 

pharmaceuticals, including antibiotics, antiseptics, and 

other medicinal compounds.

Plastics and Fibers

Nitric acid is used in the manufacturing of various 

plastics, synthetic fibers, and other polymers.



Industrial Applications

Fertilizers

Nitric acid is used in the production of 

ammonium nitrate, a key ingredient in 

fertilizers. This nitrogen-based 

compound is essential for plant growth 

and development.

Explosives

Nitric acid is used in the production of 

explosives such as dynamite and TNT. It's 

also used in the manufacturing of rocket 

propellants.

Other Applications

It's used in the production of nylon, 

plastics, and dyes. It's also used in metal 

etching, refining, and cleaning.



Agricultural Applications

1 Nitrogen 

Supplementation

Nitric acid is a key 

component in fertilizers. It 

provides nitrogen, an 

essential nutrient for plant 

growth and development.

2 Soil pH Control

Nitric acid can be used to 

adjust the pH of soil. It can 

help to make the soil more 

acidic, which can be 

beneficial for certain crops.

3 Weed Control

Nitric acid is used in some 

herbicides to help control 

weeds and improve crop 

yields.

4 Nutrient Absorption

Nitric acid can improve the 

absorption of nutrients by 

plants, making it a valuable 

component of fertilizer 

blends.



Medical and Pharmaceutical 
Application

Antiseptics

Diluted nitric acid solutions have antiseptic properties and are 

used to clean wounds and sterilize medical equipment.

Drug Synthesis

Nitric acid is used in the synthesis of various pharmaceuticals, 

including  aspirin and antibiotics.

Radioactive Isotopes

It is used in the production of radioactive isotopes for medical 

imaging and cancer therapy.



Environmental Considerations and Safety 

Measures

Environmental Impacts

Nitric acid production can contribute to air pollution, particularly from emissions of nitrogen oxides (NOx). NOx are 

precursors to acid rain and smog.

Safety Measures

Nitric acid is a highly corrosive substance and can cause severe burns. Proper handling, storage, and ventilation are 

crucial in industrial settings. It is important to use personal protective equipment, such as gloves, goggles, and 

respirators.

Sustainable Practices

Adopting sustainable practices, such as minimizing emissions, reducing waste, and implementing energy efficiency 

measures, can help mitigate the environmental impact of nitric acid production.



Waste Manag ement

1 Emissions Control

Emissions of nitrogen oxides (NOx) during the nitric acid production 

process are carefully controlled to minimize air pollution. 

Technologies like catalytic converters and scrubbers are employed 

for this purpose.

2 Waste Minimization

Efforts are made to minimize waste generation throughout the 

process, including the recovery of valuable byproducts like 

ammonium nitrate.

3 Waste Treatment

Any waste generated is treated to ensure compliance with 

environmental regulations. This can involve neutralization, 

evaporation, and other processes.

4 Sustainable Practices

The nitric acid industry is increasingly adopting sustainable practices 

to reduce its environmental footprint. This includes energy efficiency 

improvements and the use of renewable energy sources.



Safety and Handling Precautions

Nitric acid is a highly corrosive and hazardous chemical. It can cause severe burns, damage to the respiratory system, and eye injuries. Proper safety precautions 

are essential when handling nitric acid. This includes wearing appropriate personal protective equipment (PPE), such as gloves, goggles, and lab coats. Nitric 

acid should be stored in well-ventilated areas, away from incompatible materials, and handled with care. In case of accidental contact, immediate action should 

be taken, such as flushing the affected area with plenty of water and seeking medical attention.

Storage

Nitric acid should be stored in well-ventilated areas, away from incompatible 

materials, such as organic compounds and strong bases. Storage tanks 

should be made of corrosion-resistant materials, such as stainless steel or 

glass-lined steel.

Personal Protective Equipment

When handling nitric acid, it is essential to wear appropriate personal 

protective equipment (PPE), including g loves, goggles, and lab coats. The 

PPE should be specifically designed to protect against corrosive chemicals 

and should be inspected regularly for damage.



Proper H andling  and Storag e

1 Gloves and Eyewear

Always wear appropriate 

personal protective 

equipment (PPE), including 

chemical-resistant gloves and 

safety goggles.

2 Ventilation

Work in a well-ventilated area 

or use a fume hood to avoid 

inhaling nitric acid fumes.

3 Storag e

Store nitric acid in a cool, dry, 

and well-ventilated area, away 

from incompatible materials 

like flammable substances.

4 Labeling

Clearly label containers with 

the chemical name, 

concentration, and hazard 

warnings.



Personal Protective Equipment (PPE)

Gloves

Nitrile or neoprene gloves provide 

excellent protection against nitric acid.
Eye Protection

Wear chemical-resistant safety goggles 

or a face shield.
Respiratory Protection

Use a respirator with a cartridge 

designed for acid fumes if necessary.



Spill Response and Cleanup

Evacuation

Immediately evacuate the area and cordon off the spill zone.

Neutralization

Use a suitable neutralizing agent, such as sodium bicarbonate, to neutralize 

the acid.

Cleanup

Absorb the neutralized solution with an inert material, such as vermiculite or 

sand.

Disposal

Dispose of the contaminated material and cleanup materials properly.



A Global Perspective
Nitric acid (HNO3) is a highly corrosive mineral acid, playing a vital role in 

various industries. From fertilizer production to manufacturing explosives and 

pharmaceuticals, nitric acid is a cornerstone of modern chemical production. Its 

production process involves the catalytic oxidation of ammonia with air, 

followed by ab sorption in water.



North America: Dominant Player in Nitric Acid 
Production

Production Hubs

The United S tates and C anada dominate 

North America's nitric acid production, 

with large-scale facilities strategically 

located throughout the region. These 

facilities benefit from robust 

infrastructure and access to raw 

materials, contrib uting to the region's 

dominance in the global market.

Key Applications

The majority of nitric acid produced in 

North America finds its way into fertilizer 

production, supporting the region's 

agricultural sector. A significant portion is 

also used in the manufacturing of 

explosives, particularly for mining and 

construction industries.

Market Trends

North America's nitric acid market is 

characterized by a mature and stab le 

production landscape, with a focus on 

efficiency and sustainab ility. This 

includes initiatives to reduce 

environmental impact and optimize 

production processes.



Europe: Steady Growth in Nitric Acid 

Manufacturing

1 Post-War Recovery

Following World War II, Europe experienced rapid industrialization, leading to a significant increase in 

nitric acid demand, driven by the fertilizer industry and chemical manufacturing.

2 Environmental Regulations

Strict environmental regulations in Europe have influenced nitric acid production, pushing 

manufacturers towards cleaner technologies and sustainable practices.

3 Technological Advancements

European manufacturers have embraced innovation, adopting cutting-edge technologies to improve 

production efficiency and reduce operational costs.

4 Future Outlook

Europe's nitric acid production is expected to continue its steady growth, driven by increasing demand 

from various industries and a focus on sustainable production practices.



Asia-Pacific: Emerg ing  as a Sig nificant Producer

1 Rapid Industrialization

Asia-Pacific's rapid economic growth, fueled by industrialization, 

has resulted in a surge in demand for nitric acid, particularly for 

fertilizer production.

2 Investment in Infrastructure

Significant investments in infrastructure and manufacturing 

facilities across the region are driving the expansion of nitric acid 

production.

3 Rising  Demand for Fertilizers

The region's burgeoning agricultural sector, driven by a growing 

population and increasing urbanization, is a key driver of nitric acid 

demand.

4 Technolog ical Advancement

Asia-Pacific manufacturers are increasingly adopting innovative 

technologies to enhance production efficiency and reduce 

environmental impact.



South America: Untapped Potential in Nitric Acid Market
Growing Agricultural Sector

South America's agricultural sector is expanding rapidly, driven by favorable climate conditions and fertile land, increasing the demand for 

fertilizers.

Raw Material Availability

South America possesses abundant natural resources, including natural gas and phosphate rock, essential for nitric acid production.

Investment Opportunities

The region's untapped potential presents attractive investment opportunities for nitric acid production, particularly in areas with abundant 

resources.

Market Growth

South America's nitric acid market is projected to experience significant growth in the coming years, driven by increased demand from 

fertilizers and other industries.



Africa: Challenges and Opportunities in 
Nitric Acid Supply

Challenge Opportunity

Limited Infrastructure Investment in infrastructure development can 

unlock the potential for nitric acid production 

and distribution.

Lack of Expertise Investing in training and education programs 

can develop a skilled workforce in the nitric 

acid industry.

Political Instability Political stability and improved governance 

can create a favorable environment for 

investment and economic growth, including 

nitric acid production.



Future Trends and Outlook for Nitric 

Acid Production

Sustainable Production

The industry is focused on developing more 

sustainable production processes, reducing 

environmental impact and optimizing resource 

utilization.

Technological Advancements

Innovative technologies, such as advanced 

catalysts and process optimization, are 

improving efficiency and reducing production 

costs.

Global Demand

Global demand for nitric acid is expected to 

increase due to rising agricultural productivity, 

industrial growth, and population growth.

Market Consolidation

The industry is witnessing a trend toward 

consolidation, with larger companies acquiring 

smaller players to enhance production capacity 

and market share.



The Nitric Acid Global 

Trade Landscape

Nitric acid is a critical industrial chemical with widespread applications, from 

fertilizer production to explosives manufacturing. This presentation will explore 

the global production, trade, and regulatory landscape surrounding this 

essential commodity.
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Import and Export Trends

Import Trends

Global nitric acid imports have steadily 

increased over the past decade, driven 

b y growing demand from emerging 

economies and the need for agricultural 

and industrial expansion.

Export Trends

Major exporting countries have 

expanded production capacity to meet 

the rising glob al demand, with key 

players such as C hina, Russia, and the 

United S tates leading the charge.

Trade Flows

Nitric acid trade flows have become 

increasingly complex, with regional hubs 

and specialized trade routes emerging to 

facilitate the efficient distribution of this 

vital chemical.



Key Exporting Countries

1 China

The world's largest producer 

and exporter of nitric acid, 

driven b y its extensive 

industrial b ase and chemical 

manufacturing capab ilities.

2 Russia

A major player in the glob al 

nitric acid market, leveraging 

its vast natural resources and 

well-established chemical 

industry.

3 United States

A significant exporter, with a 

strong domestic production 

capacity and strategic trade 

partnerships with key glob al 

markets.

4 Germany

A leading European exporter, 

known for its high-quality 

nitric acid products and 

advanced manufacturing 

capab ilities.



Key Importing Countries

India

The world's largest importer of nitric 

acid, driven b y its expanding 

agricultural and industrial sectors.

Brazil

A major importer, leveraging nitric 

acid for its thriving fertilizer and 

chemical manufacturing industries.

Japan

A significant importer, utilizing nitric 

acid in its advanced electronics and 

automotive manufacturing 

industries.

Germany

A key European importer, 

supplementing its domestic 

production with strategic imports to 

meet growing demand.



Factors Influencing  Trade

Supply Chain Dynamics

Factors such as production capacity, logistics, and inventory 

management play a critical role in shaping nitric acid trade flows.

Reg ulatory Environment

Evolving environmental regulations and safety standards can 

impact the production, transportation, and usage of nitric acid 

worldwide.

Economic Conditions

Global economic trends, including GDP growth, industrial 

output, and agricultural development, directly influence the 

demand for nitric acid.



Regulatory Landscape

Hazardous Material Regulations S tringent safety protocols for the 

handling, storage, and 

transportation of nitric acid to 

mitigate risks.

Environm ental Regulations Evolving policies aimed at 

reducing the environmental 

impact of nitric acid production 

and use.

Trade Agreements International trade agreements 

that facilitate the cross-border 

movement of nitric acid and 

related products.



Future Outlook and 

Opportunities

Sustainable Production

Advancements in green chemistry 

and clean manufacturing processes 

to reduce the environmental 

impact of nitric acid production.

Emerg ing  Applications

Innovative uses of nitric acid in 

fields like renewable energy, 

carbon capture, and advanced 

materials development.

Global Demand Growth

S ustained growth in the 

agricultural, industrial, and 

consumer sectors, driving increased 

global demand for nitric acid.

Technolog ical Innovations

Advancements in logistics, storage, 

and transportation technologies to 

optimize the nitric acid supply 

chain.
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