














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8.8 Nitric Acid 

8.8.1 General 1-2 

In 1991, there were approximately 65 nitric acid (HNO 3) manufacturing plants in the U. S. 

with a total capacity of 10 million megagrams (Mg)(11 million tons) of acid per year. The plants 
range in size from 5,400 to 635,000 Mg (6,000 to 700,000 tons) per year. About 70 percent of the 

nitric acid produced is consumed as an intermediate in the manufacture of ammonium nitrate 
(NH4NO3) which in turn is used in fertilizers. The majority of the nitric acid plants are located in 

agricultural regions such as the Midwest, South Central, and Gulf States in order to accommodate the 

high concentration of fertilizer use. Another 5 to 10 percent of the nitric acid produced is used for 

organic oxidation in adipic acid manufacturing. Nitric acid is also used in organic oxidation to 

manufacture terephthalic acid and other organic compounds. Explosive manufacturing utilizes nitric 

acid for organic nitrations. Nitric acid nitrations are used in producing nitrobenzene, dinitrotoluenes, 
and other chemical intermediates. Other end uses of nitric acid are gold and silver separation, 
military munitions, steel and brass pickling, photoengraving, and acidulation of phosphate rock. 

8.8.2 Process Description •'3-4 

Nitric acid is produced by 2 methods. The first method utilizes oxidation, condensation, and 

absorption to produce a weak nitric acid. Weak nitric acid can have concentrations ranging from 

30 to 70 percent nitric acid. The second method combines dehydrating, bleaching, condensing, and 

absorption to produce a high-strength nitric acid from a weak nitric acid. High-strength nitric acid 

generally contains more than 90 percent nitric acid. The following text provides more specific details 

for each of these processes. 

8.8.2.1 Weak Nitric Acid Production •'3-4 

Nearly all the nitric acid produced in the U. S. is manufactured by the high-temperature 
catalytic oxidation of ammonia as shown schematically in Figure 8.8-1. This process typically 
consists of 3 steps: (1) ammonia oxidation, (2) nitric oxide oxidation, and (3) absorption. Each step 
corresponds to a distinct chemical reaction. 

Ammonia Oxidation- 
First, a 1:9 ammonia/air mixture is oxidized at a temperature of 750 to 800°C (1380 to 

1470°F) as it passes through a catalytic convertor, according to the following reaction: 

4NH 3 + 50 2 
4NO + 6H20 (1) 

The most commonly used catalyst is made of 90 percent platinum and 10 percent rhodium gauze 
constructed from squares of fine wire. Under these conditions the oxidation of ammonia to nitric 

oxide (NO) proceeds in an exothermic reaction with a range of 93 to 98 percent yield. Oxidation 

temperatures can vary from 750 to 900°C (1380 to 1650°F). Higher catalyst temperatures increase 

reaction selectivity toward NO production. Lower catalyst temperatures tend to be more selective 

toward less useful products; nitrogen (N 2) and nitrous oxide (N20). Nitric oxide is considered to be 

a criteria pollutant and nitrous oxide is known to be a global warming gas. The nitrogen 
dioxide/dimer mixture then passes through a waste heat boiler and a platinum filter. 
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Figure 8.8-1. Flow diagram of typical nitric acid plant using single-pressure process (high-stren• acid unit not shown). 
(Source Classification Codes in parentheses.) 
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Nitric Oxide Oxidation 
The nitric oxide formed during the ammonia oxidation must be oxidized. The process stream 

is passed through a cooler/condenser and cooled to 38°C (100°F) or less at pressures up to 

800 kilopaseals (kPa) (116 pounds per square inch absolute [psia]). The nitric oxide reacts 

noncatalytically with residual oxygen to form nitrogen dioxide (NO 2) and its liquid dimer, nitrogen 
tetroxide: 

2NO + 0 
2 --• 

2NO 
2 • N204 (2) 

This slow, homogeneous reaction is highly temperature and pressure dependent. Operating at low 

temperatures and high pr.essures promotes maximum production of NO 
2 
within a minimum reaction 

time. 

Absorption 
The final step introduces the nitrogen dioxide/dimer mixture into an absorption process after 

being cooled. The mixture is pumped into the bottom of the absorption tower, while liquid dinitrogen 
tetroxide is added at a higher point. Deionized process water enters the top of the column. Both 
liquids flow countercurrent to the nitrogen dioxide/dimer gas mixture. Oxidation takes place in the 

free space between the trays, while absorption occurs on the trays. The absorption trays are usually 
sieve or bubble cap trays. The exothermic reaction occurs as follows: 

3NO 
2 + H20 • 

2HNO 
3 + NO (3) 

A secondary air stream is introduced into the column to re-oxidize the NO that is formed in 

Reaction 3. This secondary air also removes NO 
2 
from the product acid. An aqueous solution of 

55 to 65 percent (typically) nitric acid is withdrawn from the bottom of the tower. The acid 
concentration can vary from 30 to 70 percent nitric acid. The acid concentration depends upon the 

temperature, pressure, number of absorption stages, and concentration of nitrogen oxides entering the 

absorber. 

There are 2 basic types of systems used to produce weak nitric acid: (1) single-stage pressure 

process, and (2) dual-stage pressure process. In the past, nitric acid plants have been operated at a 

single pressure, ranging from atmospheric pressure to 1400 kPa (14.7 to 203 psia). However, since 
Reaction 1 is favored by low pressures and Reactions 2 and 3 are favored by higher pressures, newer 

plants tend to operate a dual-stage pressure system, incorporating a compressor between the ammonia 
oxidizer and the condenser. The oxidation reaction is carried out at pressures from slightly negative 
to about 400 kPa (58 psia), and the absorption reactions are carried out at 800 to 1,400 kPa (116 to 

203 psia). 

In the dual-stage pressure system, the nitric acid formed in the absorber (bottoms). is usually 
sent to an external bleacher where air is used to remove (bleach) any dissolved oxides of nitrogen. 
The bleacher gases are then compressed and passed through the absorber. The absorber tail gas 
(distillate) is sent to an entrainment separator for acid mist removal. Next, the tail gas is reheated in 

the ammonia oxidation heat exchanger to approximately 200°C (392°F). The final step expands the 

gas in the power-recovery turbine.. The thermal energy produced in this turbine can be used to drive 

the compressor. 

8.8.2.2 High-Strength Nitric Acid Production 1'3 

A high-strength nitric acid (98 to 99 percent concentration) can be obtained by concentrating 
the weak nitric acid (30 to 70 percent concentration) using extractive distillation. The weak nitric 

acid cannot be concentrated by simple fractional distillation. The distillation must be carried out in 

the presence of a dehydrating agent. Concentrated sulfuric acid (typically 60 percent sulfuric acid) is 
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most commonly used for this purpose. The nitric acid concentration process consists of feeding 
strong sulfuric acid and 55 to 65 percent nitric acid to the top of a packed dehydrating column at approximately atmospheric pressure. The acid mixture flows downward, countercurrent to ascending 
vapors. Concentrated nitric acid leaves the top of the column as 99 percent vapor, containing a small 
amount of NO 

2 and oxygen (02) resulting from dissociation of nitric acid. The concentrated acid 
vapor leaves the column and goes to a bleacher and a countercurrent condenser system to effect the 
condensation of strong nitric acid and the separation of oxygen and oxides of nitrogen (NOx) 
byproducts. These byproducts then flow to an absorption column where the nitric oxide mixes with auxiliary air to form NO2, which is recovered as weak nitric acid. Inert and unreacted gases are vented to the atmosphere from the top of the absorption column. Emissions from this process are relatively minor. A small absorber can be used to recover NO 2. Figure 8.8-2 presents a flow 
diagram of high-strength nitric acid production from weak nitric acid. 

liNO 3, NO 2 ,O 2 

fflI•ONG 

NITRIC ACID 

0 2 NO 
•OI•J•TION 
•LUMN 

Figure 8.8-2. Flow diagram of high-strength nitric acid production from weak nitric acid. 

8.8.3 Emissions And Controls 3-5 

Emissions from nitric acid manufacture consist primarily of NO, NO 
2 (which account for 

visible emissions), trace amounts of HNO 
3 

mist, and ammonia (NH3). By far, the major source of 
nitrogen oxides (NOx) is the tailgas from the acid absorption tower. In general, the quantity of NO 

x emissions is directly related to the kinetics of the nitric acid formation reaction and absorption tower design. NO 
x 
emissions can increase when there is (1) insuffficient air supply to the oxidizer and 

absorber, (2) low pressure, especially in the absorber, (3) high temperatures in the cooler-condenser 
and absorber, (4) production of an excessively high-strength product acid, (5) operation at high 
throughput rates, and (6) faulty equipment such as compressors or pumps that lead to lower pressures 
and leaks, and decrease plant efficiency. 

The 2 most common techniques used to control absorption tower tail gas emissions are 
extended absorption and catalytic reduction. Extended absorption reduces NO 

x 
emissions by 

increasing the efficiency of the existing process absorption tower or incorporating an additional 
absorption tower. An efficiency increase is achieved by increasing the number of absorber trays, 
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operating the absorber at higher pressures, or cooling the weak acid liquid in the absorber. The 
existing tower can also be replaced with a single tower of a larger diameter and/or additional trays. 
See Reference 5 for the relevant equations. 

In the catalytic reduction process (often termed catalytic oxidation or incineration), tail gases 
from the absorption tower are heated to ignition temperature, mixed with fuel (natural gas, hydrogen, 
propane, butane, naphtha, carbon monoxide, or ammonia) and passed over a catalyst bed. In the 

presence of the catalyst, the fuels are oxidized and the NO 
x 

are reduced to N 2. The extent of 
reduction of NO 

2 
and NO to N 2 

is a function of plant design, fuel type, operating temperature and 

pressure, space velocity through the reduction catalytic reactor, type of catalyst, and reactant 
concentration. Catalytic reduction can be used in conjunction with other NO 

x 
emission controls. 

Other advantages include the capability to operate at any pressure and the option of heat recovery to 

provide energy for process compression as well as extra steam. Catalytic reduction can achieve 
greater NO 

x 
reduction than extended absorption. However, high fuel costs have caused a decline in 

its use. 

Two seldom used alternative control devices for absorber tailgas are molecular sieves and wet 

scrubbers. In the molecular sieve adsorption technique, tailgas is contacted with an active molecular 
sieve that catalytically oxidizes NO to NO 2 

and selectively adsorbs the NO 
2. 

The NO 2 is then 
thermally stripped from the molecular sieve and returned to the absorber. Molecular sieve adsorption 
has successfully controlled NO 

x 
emissions in existing plants. However, many new plants do not 

install this method of control. Its implementation incurs high capital and energy costs. Molecular 
sieve adsorption is a cyclic system, whereas most new nitric acid plants are continuous systems. 
Sieve bed fouling can also cause problems. 

Wet scrubbers use an aqueous solution of alkali hydroxides or carbonates, ammonia, urea, 
potassium permanganate, or caustic chemicals to "scrub" NO 

x 
from the absorber tailgas. The NO 

and NO 2 are absorbed and recovered as nitrate or nitrate salts. When caustic chemicals are used, the 

wet scrubber is referred to as a caustic scrubber. Some of the caustic chemicals used are solutions of 
sodium hydroxide, sodium carbonate, or other strong bases that will absorb NO 

x 
in the form of 

nitrate or nitrate salts. Although caustic scrubbing can be an effective control device, it is often not 

used due to its incurred high costs and the necessity to treat its spent scrubbing solution. 

Comparatively small amounts of nitrogen oxides are also lost from acid concentrating plants. 
These losses (mostly NO 2) are from the condenser system, but the emissions are small enough to be 
controlled easily by inexpensive absorbers. 

Acid mist emissions do not occur from the tailgas of a properly operated plant. The small 
amounts that may be present in the absorber exit gas streams are removed by a separator or collector 
prior to entering the catalytic reduction unit or expander. 

The acid production system and storage tanks are the only significant sources of visible 
emissions at most nitric acid plants. Emissions from acid storage tanks may occur during ,tap.k filling. 

Nitrogen oxides emission factors shown in Table 8.8-1 vary considerably with the type of 
control employed and with process conditions. For comparison purposes, the New Source 
Performance Standard on nitrogen emissions expressed as NO 2 

for both new and modified plants is 
1.5 kilograms (kg) of NO 2 

emitted per Mg (3.0 pounds/ton [lb/ton]) of 100 percent nitric acid 
produced. 
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8.9 Phosphoric Acid 

8.9.1 General 1-2 

Phosphoric acid (H3PO 4) is produced by 2 commercial methods: wet process and thermal 

process. Wet process phosphoric acid is used in fertilizer production. Thermal process phosphoric 
acid is of a much higher purity and is used in the manufacture of high grade chemicals, 
pharmaceuticals, detergents, food products, beverages, and other nonfertilizer products. In 1987, 
over 9 million megagrams (Mg) (9.9 million tons) of wet process phosphoric acid was produced in 
the form of phosphorus pentoxide (P205). Only about 363,000 Mg (400,000 tons) of P205 was 

produced from the thermal process. Demand for phosphoric acid has increased approximately 
2.3 to 2.5 percent per year. 

The production of wet process phosphoric acid generates a considerable quantity of acidic 
cooling water with high concentrations of phosphorus and fluoride. This excess water is collected in 
cooling ponds that are used to temporarily store excess precipitation for subsequent evaporation and to 

allow recirculation of the process water to the plant for re-use. Leachate seeping is therefore a 

potential source of groundwater contamination. Excess rainfall also results in water overflows from 
settling ponds. However, cooling water can be treated to an acceptable level of phosphorus and 
fluoride if discharge is necessary. 

8.9.2 Process Description 3-s 

8.9.2.1 Wet Process Acid Production 

In a wet process facility (see Figure 8.9-1A and Figure 8.9-1B), phosphoric acid is produced 
by reacting sulfuric acid (H2SO 4) with naturally occurring phosphate rock. The phosphate rock is 
dried, crushed, and then continuously fed into the reactor along with sulfuric acid. The reaction 
combines calcium from the phosphate rock with sulfate, forming calcium sulfate (CaSO4), commonly 
referred to as gypsum. Gypsum i• separated from the reaction solution by filtration. Facilities in the 
U. S. generally use a dihydrate process that produces gypsum in the form of calcium sulfate with 
2 molecules of water (H90) (CaSO4 • 2 H20 or calcium sulfate dihydrate). Japanese facilities use a 

hemihydrate process that produces calcium sulfate with a half molecule of water (CaSO 
4 • 1/• H:•O). 

This one-step hemihydrate process has the advantage of producing wet process phosphoric acid with a 

higher P•O 5 
concentration and less impurities than the dihydrate process. Due to these advantages, 

some U. S. companies have recently converted to the hemihydrate process. However, since most wet 

process phosphoric acid is still produced by the dihydrate process, the hemihydrate process will not 

be discussed in detail here. A simplified reaction for the dihydrate process is as follow: 

Ca3(PO4) 
2 + 3H2SO 

4 + 6H20 
--, 

2H3PO 
4 + 3[CaSO 

4 • 2H20]• (1) 

In order to make the strongest phosphoric acid possible and to decrease evaporation costs, 
93 percent sulfuric acid is normally used. Because the proper ratio of acid to rock in the reactor is 
critical, precise automatic process control equipment is employed in the regulation of these 2 feed 

streams. 

During the reaction, gypsum crystals are precipitated and separated from the acid by 
filtration. The separated crystals must be washed thoroughly to yield at least a 99 percent recovery of 
the filtered phosphoric acid. After washing, the slurried gypsum is pumped into a gypsum pond for 
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Figure 8.9-1B. Flow diagram of a wet process phosphoric acid plant (cont.). 

storage. Water is syphoned off and recycled through a surge cooling pond to the phosphoric acid 

process. Approximately 0.3 hectares of cooling and settling pond area is required for every 

megagram of daily P205 capacity (0.7 acres of cooling and settling pond area for every tort of daily 
P205 capacity). 

Considerable heat is generated in the reactor. In older plants, this heat was removed by 
blowing air over the hot slurry surface. Modern plants vacuum flash cool a portion of the slurry, and 

then recycle it back into the reactor. 

Wet process phosphoric acid normally contains 26 to 30 percent P205. In most cases, the 

acid must be further concentrated to meet phosphate feed material specifications for fertilizer 

production. Depending on the types of fertilizer to be produced, phosphoric acid is usually 
concentrated to 40 to 55 percent P205 by using 2 or 3 vacuum evaporators. 

8.9.2.2 Thermal Process Acid Production 
Raw materials for the production of phosphoric acid by the thermal process are elemental 

(yellow) phosphorus, air, and water. Thermal process phosphoric acid manufacture, as shown 

schematically in Figure 8.9-2, involves 3 major steps: (1) combustion, (2) hydration, and 
(3) demisting. 

In combustion, the liquid elemental phosphorus is burned (oxidized) in ambient air in a 

combustion chamber at temperatures of 1650 to 2760°C (3000 to 5000°F) to form phosphorus 
pentoxide (Reaction 2). The phosphorus pentoxide is then hydrated with dilute H3PO 

4 or water to 

produce strong phosphoric acid liquid (Reaction 3). Demisting, the final step, removes the 

phosphoric acid mist from the combustion gas stream before release to the atmosphere. This is 

usually done with high-pressure drop demistors. 
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Table 8.9-3 (Metric And English Units). CONTROLLED EMISSION FACTORS FOR THERMAL 
PHOSPHORIC ACID PRODUCTION a 

EMISSION FACTOR RATING: E 

Source 

Packed tower (SCC 3-01-017-03) 

Venturi scrubber (SCC 3-01-017-04) 

Glass fiber mist eliminator (SCC 3-01-017-05) 

Wire mesh mist eliminator (SCC 3-01-017-06) 

High pressure drop mist (SCC 3-01-017-07) 

Electrostatic precipitator (SCC 3-01-017-08) 

Nominal 
Percent 
Control 

Efficiency 
95.5 

97.5 

96 99.9 

95 

99.9 

98 99 

Particulate b 

kg/Mg 
P205 Produced 

lb/ton 
P205 Produced 

1.07 2.14 

1.27 2.53 

0.35 0.69 

2.73 5.46 

0.06 0.11 

0.83 1.66 

a SCC Source Classification Code. 
b Reference 6. 

with various control equipment. Control equipment commonly used in thermal process phosphoric 
acid plants includes venturi scrubbers, cyclonic separators with wire mesh mist eliminators, fiber mist 
eliminators, high energy wire mesh contractors, and electrostatic precipitators. 
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13.2 Fugitive Dust Sources

Significant atmospheric dust arises from the mechanical disturbance of granular material
exposed to the air. Dust generated from these open sources is termed "fugitive" because it is not
discharged to the atmosphere in a confined flow stream. Common sources of fugitive dust include
unpaved roads, agricultural tilling operations, aggregate storage piles, and heavy construction
operations.

For the above sources of fugitive dust, the dust-generation process is caused by 2 basic
physical phenomena:

1. Pulverization and abrasion of surface materials by application of mechanical force
through implements (wheels, blades, etc.).

2. Entrainment of dust particles by the action of turbulent air currents, such as wind erosion
of an exposed surface by wind speeds over 19 kilometers per hour (km/hr) (12 miles per
hour [mph]).

In this section of AP-42, the principal pollutant of interest is PM-10 — particulate matter (PM)
no greater than 10 micrometers in aerodynamic diameter (µmA). Because PM-10 is the size basis for
the current primary National Ambient Air Quality Standards (NAAQS) for particulate matter, it
represents the particle size range of the greatest regulatory interest. Because formal establishment of
PM-10 as the primary standard basis occurred in 1987, many earlier emission tests have been
referenced to other particle size ranges, such as:

TSP Total Suspended Particulate, as measured by the standard high-volume ("hi-vol") air
sampler, has a relatively coarse size range. TSP was the basis for the previous
primary NAAQS for PM and is still the basis of the secondary standard. Wind tunnel
studies show that the particle mass capture efficiency curve for the high-volume
sampler is very broad, extending from 100 percent capture of particles smaller than
10 µm to a few percent capture of particles as large as 100 µm. Also, the capture
efficiency curve varies with wind speed and wind direction, relative to roof ridge
orientation. Thus, high-volume samplers do not provide definitive particle size
information for emission factors. However, an effective cut point of 30 µm
aerodynamic diameter is frequently assigned to the standard high volume sampler.

SP Suspended Particulate, which is often used as a surrogate for TSP, is defined as PM
with an aerodynamic diameter no greater than 30 µm. SP may also be denoted as PM-
30.

IP Inhalable Particulate is defined as PM with an aerodynamic diameter no greater than
15 µm IP also may be denoted as PM-15.

FP Fine Particulate is defined as PM with an aerodynamic diameter no greater than
2.5 µm. FP may also be denoted as PM-2.5.

The impact of a fugitive dust source on air pollution depends on the quantity and drift
potential of the dust particles injected into the atmosphere. In addition to large dust particles that
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settle out near the source (often creating a local nuisance problem), considerable amounts of fine
particles also are emitted and dispersed over much greater distances from the source. PM-10
represents a relatively fine particle size range and, as such, is not overly susceptible to gravitational
settling.

The potential drift distance of particles is governed by the initial injection height of the
particle, the terminal settling velocity of the particle, and the degree of atmospheric turbulence.
Theoretical drift distance, as a function of particle diameter and mean wind speed, has been computed
for fugitive dust emissions. Results indicate that, for a typical mean wind speed of 16 km/hr
(10 mph), particles larger than about 100 µm are likely to settle out within 6 to 9 meters (20 to 30 feet
[ft]) from the edge of the road or other point of emission. Particles that are 30 to 100 µm in diameter
are likely to undergo impeded settling. These particles, depending upon the extent of atmospheric
turbulence, are likely to settle within a few hundred feet from the road. Smaller particles, particularly
IP, PM-10, and FP, have much slower gravitational settling velocities and are much more likely to
have their settling rate retarded by atmospheric turbulence.

Control techniques for fugitive dust sources generally involve watering, chemical stabilization,
or reduction of surface wind speed with windbreaks or source enclosures. Watering, the most common
and, generally, least expensive method, provides only temporary dust control. The use of chemicals to
treat exposed surfaces provides longer dust suppression, but may be costly, have adverse effects on
plant and animal life, or contaminate the treated material. Windbreaks and source enclosures are often
impractical because of the size of fugitive dust sources.

The reduction of source extent and the incorporation of process modifications or adjusted work
practices, both of which reduce the amount of dust generation, are preventive techniques for the
control of fugitive dust emissions. These techniques could include, for example, the elimination of
mud/dirt carryout on paved roads at construction sites. On the other hand, mitigative measures entail
the periodic removal of dust-producing material. Examples of mitigative control measures include
clean-up of spillage on paved or unpaved travel surfaces and clean-up of material spillage at conveyor
transfer points.
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