THe CoMMEeRCIAL ProbucTION OF NITRIC AcCID INVOLVES THE
FoLLowING CHEMICAL ReacTIons: A. 4NH3(c) +502(9)

THe CoMMERCIAL PropbucTioN OF NiTRIC Acip INvoLves THE FoLLowiNg CHEMICAL ReacTIions: A. 4NH3(c) + 502(c) [f]
4ANO(G) + 6H20

INTRODUCTION TO NITRIC ACID PRODUCTION

NITRIC ACID, A VITAL INDUSTRIAL CHEMICAL, PLAYS AN ESSENTIAL ROLE IN VARIOUS SECTORS INCLUDING AGRICULTURE,
MANUFACTURING, AND CHEMICAL SYNTHESIS. |TS WIDESPREAD APPLICATION RANGES FROM FERTILIZER PRODUCTION TO THE
MANUFACTURE OF EXPLOSIVES AND DYES. THE PROCESS OF PRODUCING NITRIC ACID ON AN INDUSTRIAL SCALE IS COMPLEX AND
INVOLVES MULTIPLE CHEMICAL REACTIONS, PRIMARILY CENTERED AROUND THE OXIDATION OF AMMONIA. UNDERSTANDING THESE
REACTIONS, THEIR MECHANISMS, AND OPTIMIZED CONDITIONS IS CRUCIAL FOR EFFICIENT AND SUSTAINABLE NITRIC ACID
MANUFACTURING.

THe Core CHeMICAL ReacTION IN NITRIC AcCID PRODUCTION

Key ReacTION OVERVIEW

AT THE HEART OF COMMERCIAL NITRIC ACID PRODUCTION LIES THE OXIDATION OF AMMONIA (NH3), A PROCESS THAT
TRANSFORMS THIS SIMPLE COMPOUND INTO NITRIC OXIDE (NO), WHICH SUBSEQUENTLY UNDERGOES FURTHER OXIDATION AND
ABSORPTION TO FORM NITRIC ACID (HNO,). THE PRIMARY REACTION IS:

4NHs (g) + 502(g) - 4NO(g) + 6H20(g)

THIS REACTION IS EXOTHERMIC, RELEASING SIGNIFICANT AMOUNTS OF HEAT, AND IS CARRIED OUT AT ELEVATED TEMPERATURES
IN SPECIALIZED CATALYTIC REACTORS.

SuUBSEQUENT REACTIONS LEADING To NITRIC ACID

THE NITRIC OXIDE FORMED IN THE PRIMARY REACTION IS NOT YET NITRIC ACID. |T UNDERGOES ADDITIONAL OXIDATION AND
ABSORPTION PROCESSES:

1. OxipbAaTION oF NO To NO,;:

2NO(g) + 02(g) - 2NOz2(g)

2. ABsorPTION OF NO, IN W ATER:

THE NITROGEN DIOXIDE REACTS WITH WATER TO PRODUCE NITRIC ACID AND NITRIC OXIDE:



3NO2(g) + H20(1) - 2HNOs(aq) + NO(g)

3. ReGeNErATION OF NO:
THE NITRIC OXIDE FORMED HERE CAN RE-ENTER THE CYCLE, REACTING AGAIN WITH OXYGEN TO CONTINUE THE PROCESS.

THIS SEQUENCE ENSURES A CONTINUOUS AND EFFICIENT CONVERSION OF AMMONIA INTO NITRIC ACID.

THE OsTWALD ProcEess: THE BAckBONE oF CoMMERCIAL NITRIC ACID
PRODUCTION

OVERVIEW OF THE OSTWALD PROCESS

THE MOST WIDELY USED INDUSTRIAL METHOD FOR NITRIC ACID PRODUCTION IS THE OSTWALD PROCESS, NAMED AFTER THE
GERMAN CHEMIST W/ILHELM OSTWALD. THIS PROCESS EFFICIENTLY CONVERTS AMMONIA INTO NITRIC ACID THROUGH A SERIES OF
\WELL-CONTROLLED CHEMICAL REACTIONS:

- AMMONIA OXIDATION TO NITRIC OXIDE.

- OXIDATION OF NITRIC OXIDE TO NITROGEN DIOXIDE.
- ABSORPTION OF NITROGEN DIOXIDE INTO WATER TO FORM NITRIC ACID.

STEP-BY-STEP BREAKDOWN

1. AMMONIA OXIDATION:

- REACTS WITH OXYGEN OVER A PLATINUM-RHODIUM CATALYST AT AsouT 200°C.
- ReacTion: 4NH, + 50, ANO + 6H,0

2. NiITrIC OXIDE OXIDATION:

- NO FURTHER REACTS WITH OXYGEN AT THE SAME TEMPERATURE TO PRODUCE NO,,.
- ReacTion: 2NO + O, 2NO,

3. ABSorPTION AND CONVERSION TO NITRIC ACID:

- NO, IS ABSORBED INTO WATER, WHERE IT REACTS TO FORM NITRIC ACID.
- ReacTion: 3NO, + H,O 2HNO, + NO

4. RecycLING oF NO:

- THE NITRIC OXIDE PRODUCED IN THE ABSORPTION STEP IS RECYCLED BACK INTO THE OXIDATION CHAMBER, MAKING THE PROCESS
ENERGY ~EFFICIENT.



INDUSTRIAL EQUIPMENT AND CONDITIONS FOR NITRIC ACID PRODUCTION

Key EQUIPMENT USED IN THE PROCESS

- CATALYTIC REACTORS: FOR AMMONIA OXIDATION, EQUIPPED WITH PLATINUM-RHODIUM GAUZES.
- OXIDATION CHAMBERS: TO FACILITATE THE OXIDATION OF NO To NO,,.

- ABSORPTION TOWERS: To DISSOLVE NO, INTO WATER, FORMING NITRIC ACID.

- RECYCLING SYSTEMS: TO REINTRODUCE NITRIC OXIDE BACK INTO THE PROCESS, MINIMIZING W ASTE.

OpPTIMAL CONDITIONS FOR MAXIMUM Y IELD

- TEMPERATURE: APPROXIMATELY 900°C FOR AMMONIA OXIDATION.

- CATALYST: PLATINUM-RHODIUM GAUZES ENSURING HIGH EFFICIENCY.

- PRESSURE: SLIGHTLY ABOVE ATMOSPHERIC TO OPTIMIZE REACTION RATES.

- FLow RATES: CONTROLLED TO BALANCE CONVERSION EFFICIENCY AND ENERGY CONSUMPTION.

ENVIRONMENTAL AND SAFETY CONSIDERATIONS

NITRIC ACID PRODUCTION INVOLVES HANDLING HAZARDOUS GASES AND EXOTHERMIC REACTIONS, NECESSITATING STRICT SAFETY
PROTOCOLS:

- USE OF CORROSION-RESISTANT MATERIALS DUE TO NITRIC ACID’S CORROSIVENESS.
- PROPER VENTILATION AND GAS SCRUBBING SYSTEMS.

- RECYCLING OF GASES TO REDUCE EMISSIONS.

- MONITORING TEMPERATURE AND PRESSURE TO PREVENT ACCIDENTS.

APPLICATIONS oF CoMMERCIAL NITRIC ACID

THE NITRIC ACID PRODUCED THROUGH THIS PROCESS HAS A MULTITUDE OF APPLICATIONS:

- FERTILIZER INDUSTRY: PRODUCES AMMONIUM NITRATE AND OTHER NITROGEN-BASED FERTILIZERS.

- ExPLOSIVE MANUFACTURING: USED IN THE PRODUCTION OF TNT, NITROGLYCERIN, AND OTHER EXPLOSIVES.
- CHEMICAL SYNTHESIS: SERVES AS A PRECURSOR FOR DYES, PLASTICS, AND OTHER CHEMICALS.

- MeTAL PROCESSING: USED IN ETCHING AND CLEANING METALS.

ADVANTAGES OF THE OsTWALD PROCESS IN NITRIC ACID PRODUCTION

- HigH EFFICIENCY: RECYCLES NITRIC OXIDE, REDUCING WASTE.

- SCALABILITY: SUITABLE FOR LARGE-SCALE INDUSTRIAL PRODUCTION.

- CosT-ErFFECTIVE: UTILIZES READILY AVAILABLE RAW MATERIALS LIKE AMMONIA AND OXYGEN.
- ENVIRONMENTAL BENEFITS: PROPER MANAGEMENT REDUCES EMISSIONS OF NOX GASES.



CoNCLUSION

THE COMMERCIAL PRODUCTION OF NITRIC ACID THROUGH THE OXIDATION OF AMMONIA, PRIMARILY VIA THE OSTWALD PROCESS,
EXEMPLIFIES A SOPHISTICATED INTEGRATION OF CHEMICAL REACTIONS, ENGINEERING DESIGN, AND ENVIRONMENTAL MANAGEMENT.
THe core REACTION—4NH, + 50, ANO + 6H,O—SERVES AS THE FOUNDATION, FOLLOWED BY SUBSEQUENT OXIDATION
AND ABSORPTION STEPS THAT TRANSFORM NITROGEN OXIDES INTO VALUABLE NITRIC ACID. OPTIMIZING REACTION CONDITIONS,
USING EFFECTIVE CATALYSTS, AND IMPLEMENTING RECYCLING STRATEGIES ENSURE HIGH YIELDS AND SAFETY IN PRODUCTION. AS
INDUSTRIES CONTINUE TO RELY HEAVILY ON NITRIC ACID FOR NUMEROUS APPLICATIONS, ADVANCEMENTS IN PROCESS EFFICIENCY
AND ENVIRONMENTAL SAFETY REMAIN CRITICAL TO SUSTAINABLE CHEMICAL MANUFACTURING.

Keyworbps: NITRIC ACID PRODUCTION, OSTWALD PROCESS, AMMONIA OXIDATION, NITRIC OXIDE, NITROGEN DIOXIDE,
INDUSTRIAL CHEMISTRY, CHEMICAL REACTIONS, FERTILIZER MANUFACTURING, EXPLOSIVES, ENVIRONMENTAL SAFETY

FREQUENTLY AskeD QUESTIONS

\YW/HAT IS THE PRIMARY CHEMICAL REACTION INVOLVED IN THE COMMERCIAL PRODUCTION
OF NITRIC ACID?

THE PRIMARY REACTION IS THE OXIDATION OF AMMONIA: 4NH,(6) + 50,(c) Bl 4NO(s) + 6H,0(a).

W/HY IS AMMONIA USED AS A STARTING MATERIAL IN NITRIC ACID PRODUCTION?

AMMONIA IS USED BECAUSE IT IS A READILY AVAILABLE, COST-EFFECTIVE, AND EFFICIENT PRECURSOR THAT REACTS WITH
OXYGEN TO PRODUCE NITRIC OXIDE, WHICH IS FURTHER PROCESSED INTO NITRIC ACID.

\W/HAT ROLE DOES THE CATALYTIC CONVERTER PLAY IN THE NITRIC ACID
MANUFACTURING PROCESS?

THE CATALYTIC CONVERTER FACILITATES THE OXIDATION OF AMMONIA TO NITRIC OXIDE AT HIGH TEMPERATURES, INCREASING
REACTION EFFICIENCY AND SELECTIVITY.

WHAT ARE THE SUBSEQUENT STEPS AFTER THE INITIAL REACTION IN NITRIC ACID
PRODUCTION?

THE NITRIC OXIDE (NO) IS OXIDIZED TO NITROGEN DIOXIDE (NO2), WHICH THEN REACTS WITH WATER TO PRODUCE NITRIC ACID
(HNO,).

\WHAT ARE THE ENVIRONMENTAL CONSIDERATIONS ASSOCIATED WITH THE COMMERCIAL
PRODUCTION OF NITRIC ACID?

THE PROCESS RELEASES NITROGEN OXIDES (NO AND NOZ), WHICH ARE POLLUTANTS THAT CONTRIBUTE TO ACID RAIN AND
SMOG; THEREFORE, EMISSION CONTROLS AND POLLUTION MANAGEMENT ARE ESSENTIAL.



How IS THE EFFICIENCY OF NITRIC ACID PRODUCTION IMPROVED IN INDUSTRIAL
SETTINGS?

EFFICIENCY IS IMPROVED THROUGH THE USE OF CATALYSTS, CONTROLLED REACTION CONDITIONS, AND EFFECTIVE PURIFICATION
TECHNIQUES TO MAXIMIZE YIELD AND MINIMIZE BY-PRODUCTS.

\WHAT ARE SOME COMMON APPLICATIONS OF NITRIC ACID PRODUCED VIA THIS
PROCESS?

NITRIC ACID IS WIDELY USED IN FERTILIZERS, EXPLOSIVES, DYES, AND IN METAL PROCESSING INDUSTRIES.

ADDITIONAL RESOURCES

THe CoMMERCIAL ProbucTioN OF NITRIC AcID INVOLVES THE FoLLowING CHEMICAL ReacTIONS: A. 4NH,(6) + 50,(6)

NITRIC ACID (HNOS) IS A VITAL CHEMICAL USED EXTENSIVELY ACROSS INDUSTRIES—™FROM FERTILIZERS AND EXPLOSIVES TO
PLASTICS AND PHARMACEUTICALS. |TS PRODUCTION IS A COMPLEX YET HIGHLY OPTIMIZED PROCESS THAT HINGES ON PRECISE
CHEMICAL REACTIONS, PARTICULARLY THE OXIDATION OF AMMONIA (NHS) AMONG THESE REACTIONS, THE INITIAL STEP
INVOLVING THE REACTION 4NH3(G) + 502<G) IS FUNDAMENTAL, SERVING AS THE CORNERSTONE FOR SUBSEQUENT PROCESSES
THAT CULMINATE IN THE FORMATION OF COMMERCIAL-GRADE NITRIC ACID. UNDERSTANDING THIS REACTION, ITS MECHANISMS,
AND ITS ROLE IN INDUSTRIAL PRODUCTION OFFERS VALUABLE INSIGHT INTO HOW ONE OF THE WORLD'S MOST IMPORTANT
CHEMICALS IS MANUFACTURED ON A MASSIVE SCALE.

OvVEerVIEW oF NITRIC AciD ProbucTION

NITRIC ACID PRODUCTION PRIMARILY CENTERS AROUND THE OSTWALD PROCESS, A METHOD DEVELOPED IN THE EARLY 20TH
CENTURY THAT REVOLUTIONIZED CHEMICAL MANUFACTURING. THE PROCESS INVOLVES THREE MAIN STAGES:

1. AMMONIA OXIDATION
2. ABSORPTION OF NITROGEN OXIDES

3. CoNversioN To NITrRIC AcCID

THE KEY REACTION 4NH4(G) + 50,(6) [l  4NO(G) + 6H,O IS THE INITIAL OXIDATION STEP, WHICH IS CRITICAL FOR
GENERATING NITRIC OXIDE (NO), THE PRECURSOR TO NITRIC ACID.

THe RoLE oF THE AMMONIA OXIDATION REACTION
THe ReacTIoN

THE CHEMICAL EQUATION:

4NH;(6) + 50,(c) 4NO(G) + 6H,0

THIS EXOTHERMIC REACTION IS CARRIED OUT AT ELEVATED TEMPERATURES (AROUND 900°C) USING A PLATINUM-RHODIUM
CATALYST. IT IS CRUCIAL BECAUSE:

- |T CONVERTS AMMONIA INTO NITRIC OXIDE EFFICIENTLY.
- |T PRODUCES THE INITIAL NITROGEN-OXYGEN COMPOUND NEEDED FOR NITRIC ACID SYNTHESIS.

- |T RELEASES HEAT, WHICH IS HARNESSED FOR PROCESS ENERGY NEEDS.

SIGNIFICANCE IN INDUSTRIAL CONTEXT



THIS REACTION IS THE FIRST STEP IN THE CHAIN OF TRANSFORMATIONS THAT LEAD TO NITRIC ACID. THE NITRIC OXIDE PRODUCED
IS SUBSEQUENTLY OXIDIZED TO NITROGEN DIOXIDE (NO2), WHICH DISSOLVES IN WATER TO FORM NITRIC ACID. THE EFFICIENCY
AND SELECTIVITY OF THIS INITIAL OXIDATION DIRECTLY IMPACT THE OVERALL YIELD, PURITY, AND COST-EFFECTIVENESS OF
NITRIC ACID PRODUCTION.

DETAILED BREAKDOWN OF THE REACTION: 4NH, + 50,

ReacTioN CONDITIONS

- TEMPERATURE: APPROXIMATELY 200°C

- CATALYST: PLATINUM-RHODIUM ALLOY

- PRESSURE: SLIGHTLY ABOVE ATMOSPHERIC, OPTIMIZED FOR MAXIMUM YIELD

- REACTION ENVIRONMENT: CONTROLLED FLOW OF GASES WITH MINIMAL IMPURITIES
REACTION MECHANISM

THE OXIDATION OF AMMONIA OVER THE CATALYST SURFACE INVOLVES SEVERAL STEPS:

1. ADSORPTION: AMMONIA AND OXYGEN MOLECULES ADSORB ONTO THE CATALYST SURFACE.
2. ACTIVATION: THE MOLECULES DISSOCIATE INTO REACTIVE SPECIES.

3. REACTION: NITROGEN AND OXYGEN ATOMS COMBINE TO FORM NO, AND HYDROGEN REACTS WITH OXYGEN TO PRODUCE
WATER.

4. DESORPTION: THE PRODUCTS LEAVE THE CATALYST SURFACE, FREE TO UNDERGO FURTHER OXIDATION OR ABSORPTION.

THIS PROCESS IS HIGHLY EXOTHERMIC, RELEASING APPROXIMATELY 900 KJ/MOL OF ENERGY, WHICH MUST BE MANAGED TO
PREVENT CATALYST DEGRADATION AND ENSURE PROCESS SAFETY.

FroM NiTRIC OxIDE TO NITRIC ACID: THE COMPLETE CHAIN

W/HILE THE INITIAL REACTION PRODUCES NITRIC OXIDE, THE ULTIMATE GOAL IS TO PRODUCE NITRIC ACID. THE SUBSEQUENT
STEPS INVOLVE:

1. OxipaTION OF NO TO NO,

- ReacTion: 2NO(G) + O,(6) ] 2NO,(a)
- OCCURS RAPIDLY AT THE REACTION SITE, FACILITATED BY EXCESS OXYGEN.

2. ABSORPTION OF NO, IN W ATER

- ReacTion: 3NO,(G) + HyO(L) [l 2HNO,(AQ) + NO(G)
- THE NITROGEN DIOXIDE DISSOLVES IN WATER TO PRODUCE NITRIC ACID, WITH SOME NO RELEASED BACK INTO THE CYCLE.

3. RECYCLING AND PURIFICATION

- THe UNREACTED NO IS RECYCLED BACK INTO THE SYSTEM, INCREASING OVERALL EFFICIENCY.
- THE CONCENTRATED NITRIC ACID IS THEN PURIFIED, CONCENTRATED, AND PACKAGED FOR COMMERCIAL USE.

INDUSTRIAL EQUIPMENT AND PrOCESS OPTIMIZATION
Key COMPONENTS

- CATALYTIC CONVERTER: CONTAINS PLATINUM-RHODIUM CATALYST WHERE AMMONIA IS OXIDIZED.
- REAcTION CHAMBER: MAINTAINS HIGH TEMPERATURE AND CONTROLLED ENVIRONMENT.



- COOLING SYSTEM: MANAGES HEAT GENERATED DURING THE REACTION.
- ABSoORrRPTION TowEers: CAPTURE NO, AND CONVERT IT INTO NITRIC ACID.

Process OPTIMIZATION FACTORS

- CATALYST EFFICIENCY: ENSURING HIGH ACTIVITY AND LONGEVITY.

- TEMPERATURE CONTROL: BALANCING REACTION RATE AND CATALYST STABILITY.
- GAs FLow RATES: OPTIMIZING AMMONIA AND OXYGEN FLOW FOR MAXIMUM YIELD.
- PURITY OF REACTANTS: PREVENTING CATALYST POISONING BY IMPURITIES.

ENVIRONMENTAL AND SAFETY CONSIDERATIONS
THE PRODUCTION OF NITRIC ACID INVOLVES HANDLING HAZARDOUS GASES AND HIGH TEMPERATURES, NECESSITATING:

- ProPer VENTILATION: TO MANAGE NO AND NO, EMISSIONS.

- CATALYST HANDLING: PLATINUM-GROUP METALS ARE EXPENSIVE; THEIR RECOVERY AND RECYCLING ARE ESSENTIAL.
- W ASTE MANAGEMENT: PROPER DISPOSAL OR TREATMENT OF BY-PRODUCTS.

- SAFETY PROTOCOLS: TO PREVENT ACCIDENTAL RELEASES AND ENSURE WORKER SAFETY.

SUMMARY: THE SIGNIFICANCE OF THE REACTION

THe REACTION 4NH3(6) + 50,(c) ] 4NO(G) + 6H,O IS CENTRAL TO THE INDUSTRIAL SYNTHESIS OF NITRIC ACID. IT
EFFICIENTLY CONVERTS AMMONIA—A COMPOUND DERIVED FROM NATURAL GAS OR OTHER NITROGEN SOURCES—INTO NITRIC
OXIDE, SETTING THE STAGE FOR THE ENTIRE PRODUCTION CHAIN. |TS OPTIMIZED EXECUTION IN LARGE-SCALE INDUSTRIAL
SETTINGS ENSURES THE RELIABLE AND ECONOMICAL MANUFACTURE OF NITRIC ACID, WHICH IN TURN SUPPORTS A MULTITUDE OF
INDUSTRIES WORLDW IDE.

FINAL NOTES

(UNDERSTANDING THE DETAILED CHEMICAL REACTIONS INVOLVED IN NITRIC ACID PRODUCTION REVEALS THE SOPHISTICATION AND
PRECISION OF CHEMICAL ENGINEERING PROCESSES. THE COMBINATION OF CATALYST TECHNOLOGY, REACTION OPTIMIZATION, AND
ENVIRONMENTAL MANAGEMENT ENSURES THAT THIS VITAL CHEMICAL IS PRODUCED SUSTAINABLY AND SAFELY ON A GLOBAL
SCALE.
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