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ABSTRACT

This report reviews the current.Standards of Performance for
New Stationary Sources: Subpart G - Nitric Acid Plants. It includes
a summary of the current standards, the status of current applicable
control technology, and the ability of plants to meet the current
standards. Information used in this report are based upon data
available as of June 1978. The recommendations state that no change
be made at this time in the NOy NSPS for nitric acid plants, but that

a study be made of the NOyx control capability of the extended
absorption process.
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1.0 EXECUTIVE SUMMARY
The objective of this report is to review the New Source Perfor-
mance Standard (NSPS) for nitric acid plants in terms of developments
in control technology, economics énd new issues thét:have evolved
since the original standard was promulgated in 197l1. The need for
poséible revisions té the standard is analyzed in the light of com~
pliance te$t data available for plants built since the promulgation
of the NSPS. The NSPS review includes the NO, emission standard for
‘theknitric acid plant production unit. While included in the nitric
acid plant NSPS, the opacity standard is not reviewedvseparatélf
since it is directly reiated to the NO, standa;d. The following
paragraphs summarize the results and conclusions of the analysis,

as well as recommendations for future action.

1.1 Best Demonstrated Control Technology

A mixture of nitrogen oxides (Nox) is present in the gail gas
from the ammonia oxidation process for the production of nitric acid.
In modern U.S. single pressure process plants producing 50 to 60
percent acid, uncontrolled Nbx emissions are generated at the rate
of about 21 kg/Mg* of 100 percent acid (42 1b/ton) correspénding to
approximately 3000 ppm NO, (by volume) in the exit gas stream. vThe
catalytic reduction process** has been largely supplanted by the ex-

tended absorption process as the control technology of choice for

*Mg - Metric tons.
**The process used in the rationale for the present NOy NSPS as best
demonstrated control technology.
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controlling NOy emissions from new nitric acid planf;“t; tﬁe level
required by the standard of performance.* The 1attérvéontrol system
has apparently been chosen by the nitric acid industr& due to the
increasing cost and danger of shortages of the principal fuel (natural
gas) used in the catalytic reduction process. Since the emergy crisis
of the mid-1970s, over 50 percent of the nitric acid plants that have
come on stream through mid-1978, and almost 90 percent of the plants
scheduled to come on stream through 1979, use the extended absorption

process for NO, control.

1.2 Current NO, NSPS Levels Achievable with Best Demonstrated
Control Technology

Fourteen of the new or modified operational nitric acid pro-
duction units subject to NSPS showed compliance with the current NOy
control level of 1.50 kg/Mg (3 1b/ton).** The average of seven sets
of test.data from catalytic reduction-controlled plants is 0.22 kg/Mg
(0.44 1b/ton), and the average of six sets of test data from extended
absorption-controlled plants is 0.91 kg/Mg- (1.82 1b/ton) *** Al1l of

the plants tested were in compliance with the opacity standard. It

*It should be noted that standards of performance for new sources
established under Section 111 of the Clean Air Act reflect emission
limits achievable with the best adequately demonstrated technolog-
ical system of continuous emission reduction (taking into consider-
ation the cost of achieving such emission reduction, as well as any
nonair quality health and environmental impacts and energy require-
ments).

**Five units had not been tested for compliance as of mid~1978. No
additional data have been obtained for this report since mid-1978.
**%%One set of data covers a nitric acid plant using a combination of
chilled absorption and caustic scrubbing for NOy control. This
plant is in compliance.
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appears that the extended absorption process, while it has become the

preferred control technology for NO, control, cannot control these

.emissions as efficiently as the catalytic reduction process. In

fact, over half of the test results for extended absorption, while

in compliance, were within 20 percent of the NO, standard. A prin-

cipal vendor of the extended absorption process only provides a 7

to 8 percent safety féctori(in terms of absorber Lra& count) in

the performance guarantee. Thus, the extended afsorption process
éppears.to have limitations with respect to NOy contrdl,ﬂand com-
pares unfavorably with catalytic reduction in its ability to reduce
NOy emissiéns much below the‘pfesent NSPS levei. ‘However, the
overriding consideration which leads to the recommenaation of no
change in tﬁe NO; NSPS at thé present time, is the sharply,éscalatf
ing cost and developing longéterm shortages of natural gas which have
caused the present pronouced trend to the extended absorptién process
for NO; control in new plantg. It is also recommended that an in—
depth, EPA study be carried out to coméletely define the NO, control
capability of this process before any future consideration can be
given to making the current NOy NSPS more stringent.

1.3 Economic Considerations Affecting the NO, NSPS

Nitric acid plant operators opting for the extended absorptioh
process for NO, control for new plants (rather than cataiytic
reduction) would not be penalized from an economic standpoint, since

the annualized costs of these two NO, control methods appear to be
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comparable. This is especially true now with the costiof fuel
(natural gas) for the catalytic reduction process experiencing sharp
rises. Capital cost, however, for this process is appreciably higher
than that for catalytic reduction, .thus, making the latter process
less capital intensive. Making the NO, standard more stringent at
this time would severely impact the investment cost of the extended
absorption process, since much larger absorption towers would have to
be incorporated in new plants in order to meet performance guarantees.

1.4 Impact of Projected Growth of the Nitric Acid Industry on NO,
Emissions

Based on an estimated nitric acid plant growth rate of four new
production lines per year between 1980 and 1983, a 50-percent reduc-
tion of the present NOy NSPS level-—from 1.5 kg/Mg (3 1lb/ton) to 0.75
xg/Mg (1.5 1b/ton)--would result in a drop in the estimated percentage
NO, contribution of these new nitric acid plants to the total na-
tional NO, emissioms, from 0.02 to 0.0l percent.

1.5 Problems Encountered by the Extended Absorption Process in
Meeting the NO, NSPS

Based on limited data, problems are encountered with the ex-
tended absorption process in‘meeting the NO, standard during cér—
tain startup periods and unscheduled shutdowns. During these>periods,
process conditions are unstable and NO, concentrations tend to be .
hiéh while nitric acid production is low or nonexistent so that 3-hour

averaging is insufficient to bring the average NO, level below 1.5

kg/Mg (3 1b/ton).
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2,0 iNTRODUCT ION.

In Section 111 of the Cléan Air Act, "Standards of Performance
for New'Stafionary Sources," a p:bvision is set forth which requires
that "The Administrator shall, at least every.4 years, review and, if
-appropriate, revise such standards following the procedure required
by this subsection for promulgation of such standards."” Pursuant
to this requirement, the MITRE Corporation,runder‘EPA Contract No.
68-02-2526, is to review lObof the promulgated NSPS including the
nitric acid plant production unit.

The main purpose of this’report is to review the current nitric
acid standérds for NOy and opacity and to assess the need for revi-
sion on the basis of developmenté that have.occufred.of are expected
to occur in the near future. 'This report addfesses the following
issues:

l. A review of the definition of the present‘standardé.

2. A discussion of the status of the nitric acid industry and
the status of applicable control technology.

3. An analysis of NOy and opacity test results and review of
levels of performance of best demonstrated control technol-
ogies for emission control.

4. An analysis of the effect of projected nitric acid plant
construction on NO, emissions.

5. A study of problems encountered bi recently developed
NOy control technology with the NSPS.

Based on the information contained in this report, conclusions

are presented and specific recommendations are made with respect to

changes in the NSPS.
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3.0 CURRENT STANDARDS FOR NITRIC ACID PLANTS

3.1 Background Information

Prior to the promurgation;of the NSPS iﬁ 1971, only 10 of the
existing 194 weak nitric.écid (50 to 60 percent acid) production
facilities were specifically designed to accomplish NO# abatement.
Without contrpl equipment, total NO, emissions‘from nitric acid
plants can range from 1000 to 6000 ppm by volume. 1In.a typlcal
plant, total NOx emissions are approx1mately 3,000 ppm in the stack
gas, equivalent to a release of 21.5 kg/Mg (43 1b/ton) of 100 percent
A acid produced (EPA, 1971).

At the time of the NOy NSPS promulgation there were no state
or local NOy emission abatement regu1ations in effect in the U.sS.
which applied specifically to nitric aéid,production plants. Ventura
County, California, had enacted a limitation of 250 ppm NOy to
govern nitric acid plants as well as steam generators and other
sources (EPA, 1971).

In 1971, NO; emission decolorization was Practiced at 52
nitric acid plants by a method which also permitted maximum power
recovery ffom the pressurized absorber tail gas. The uncontrolled
NOy tail gas emission consisted of approximately 50 percent nitro-
gen dixoide (NOy), an opaque reddish-brown gas; and the remainder
is colorless nitric oxide (NO). Through the yse of a catalytic re-
duction technique, the aforementioned plants accomplished deéolori—

zation of the stack gas, ‘i.e., the visible NOy is converted to
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colorless NO in a highly exothermic reaction, with the heated exhaust
gas from the catalytic treatment being then passed through aﬁ ex—
pand;r to recover power for driving the air-compressor turﬁine used
in the nitric acid manufacturing process.

Stack gas decolorization enabled nitriclacid plants in many
areas to meet visible emission regulations (with equivalent opacity
provisions), even though the catalytic decolorization technique has
little effect on the total NO, emissions (EPA, 1971).

It is estimated that NO, emissions from nitric acid plants
totalled 163,000 Mg (179,000 tons) in 1971 and 137,000 Mg (150,000
tons) in 1976 (Mann, 1978). ‘This represented a 16 percent drop in
Nbx emissionsg in fhe first 5 years after the promulgation of the
NSPS and implementation of State Implementati&n Plans (SIPs)‘for this
pollutant. By the end of 1977, nitric acid plants, in compliance
with NSPS, represented an estimated 23 percent of the induStfy capéc—
itye.

3.2 Facilities Affected

The NSPS regulates nitric acid plants that were planned or under
construction or modification as of August 17, 1971. Each nitric acid
production unit (or "train") is the affected facility. The standards
of performance apply to new facilities producing so-called "weak
aitric acid" (defined as 50 to 70 percent strength). The standards
do not apply‘to the various processes used to produce strong acid by
extraction or evaporation of weak acid, or by the direct strong acid

process.
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An existing nitric acid plaot is subject to the NSPS if: (1)
it is modified by a physical of operational change in an existing
facility thereby causing an increase in the emission rate to the
atmosphere of any pollutant tojwhich the standard applies, or (2) if
in the course of reconstruction of the facility, the fixed capital
cost of the new components exceeds 50 percent of the cost thatvwould
be required to construct a comparable entirely new facility that
meets the ﬁSPS.

3.3 Controlled Pollutants and Emission Levels

Total nitrogen oxide emissions from nitric acid plants are
controlled under the NSPS, as defined by 40 CFR 60, Subpart G (as
originally promulgated in 36 FR 24881 with subsequent modifications

in 39 FR 20794):

(a) On and after the date on which the performance test .
required to be conducted . . . is completed, no owner or
operator subject to the provisions of this subpart shall
cause to be discharged in to the atmosphere from any
affected facility any gases which:

(1) Contain nitrogen oxides, expressed as NO,, in excess
of 1.5 kg per metric ton of acid produced; (3.0 1b per
ton), the production being expressed as 100 percent
nitric acid. : R

(2) Exhibit 10 percent opacity, or greater.

This standard was based on inspections and stack tests of
existing nitric acid facilities; consultations with plant operators,
designers, and state local control officials; and a review of the
literature. Investigation of nitric acid plant control technology

showed that catalytic reduction systems could successfully control

tail gas nitrogen oxide emissions to levels within the proposed
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standard of 1.5 kg NO,/metric ton of .100 percent acid (3 1b/ton).

A survey of 10 U.S. plants equipped with catalytic reduction éystems
showed that all plants either consistently achieved that NOy level
or could be operated or‘repaired to meet the proposed standard (EPA,
1971).

All of the facilities equipped with cataiytic NOy, reduction
devices were found to operate with no visible emissions. Thus, any
facility meeting the mass NO, limit will produce no visible eﬁis—
sions from the stack and therefore meet the promulgated opacity
standard (EPA, 1971).

. Section 4.0 dicusses alternative NOy control technologies that
have come into use by the pitric acid industry since the promulgation
of the standard, or are under development. Chief among these new
technologies, and one that has been widely used since the mid-1970s,

is the extended absorption process.

3.4 Testing and Monitoring Requirements

3.4.1 Testing Requirements

Performance tests to verify compliance with the NO, standard
must be conducted within 60 days after the plant has reached its full
capacity production rate, but not later than 180 days after the ini-
tial start-up of the facility (40 CFR 60.8). The EPA reference
methods (40 CFR 60, Appendix A) to be used in conjunction with NOy
compliance testing include:

1. Method 7 for the concentration of NO*

2. Method 1 for sampleAand velocity transverses
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3. Method 2 for velocity and volumetric flow rate; and

4. Method 3 for gas analysis.
Each perform;nce test consists of:3 runs, each consisting at least
four grab saﬁples taken at approximately 15-minute intervals. The )
arithmetic mean of the runs constitutes the value used to determine
vhether the plant is in compliance.

342 Monitoring!Reqpirements

The NOx levels in the tail gas from new nitriq acid plénts are
required to be continuously.monitoredlﬁé provide: %15 a record bf
performanée and (2) information to plant operating peréonhel such
that suitable corrections can be made when the system is out of ad-
justment. Plant operators are required to maintain thé~monitoring
equipment in calibration and to furnish records of excess NOy, .
emission values to the Administrator of EPA or to tﬁe responsible
State agency as requested. |

Measurement principles used in the continuous gas anélysis
instruments for NO, are (Apﬁle, 1978):

1. Photometric

2. Nondispersive infrared absorétion

3. Ultraviolet absorption

4., Electrochemical

5. Chemiluminescent emission

6. On-stack (in-situ) absorption




A continuous NOy analyser in wide use in the niéric acid
industry is based on the principle of photometric énélysi§.:kThis
analyzer consists of a split-beam design in which éhe difference in
light absorption by nitrogen dioxide (NO,) is measured at two
different wavelengths (a measuring wavelengtﬂ and reference wave-
length). A basic requirement for this measurement principle is that
all the NO, which is transparent in the visible and ulfraviqlet
regions, is quantitatively converted to NOy in the measuring
instrument (Dupont, 1974).

The continuous monitoring system is calibrated using a known air
NOy gas mixture as a calibration standard. Performance evaluation
of the monitoring system.ié conducted using the EPA.Method 7. In
general, the system in use should satisfy the specifications as shéwn
in 40 CFR 60, Appendix B, Performance Specificaﬁion 2.

Excess NO, emissons are required to be reported to EPA (or ap-
propriate state regulatory agencies) forvall 3-hour périoas of excess
emissions (or the arithmetic average of three consecutivé 1-hour
periods). Periods of excess emission are considered to occﬁr when
the integratéd (or arithmetic average) plant stack NOy emission

exceeds the 1.5 kg/Mg (3 lb/ton) standard.
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4.0 STAfUS OF CONTROL TECHNOLOGY

4.1 Status of Nitric Acid Manufacturing Industry Since the Promul-
gation of the NSPS

4.1.1 Géographic Distribution

In 1972 there were approximately 125 nitric acid units in

existence, exclusive of government-owned units at ordnance plants

- (Manderson, 1972). About 75 percent of these units were 10 years old

or older and, in genefal, had capacities df 270 Mg/da& (300 tons/
day) or less. The remaining 25 percent of the units were of more
recent and larger désign, having capacities exceeding 270 Mg/day (300
tons/day). The Bureau of thejCensus reported that theFe were 72
plants (involving one or mo?e ﬁnits) in 1972 producing nitric acid in
the U.S. and that by 1977 the net numberrqf plants in production had
increased by only one. |

As of June,'1978, 19 nitric acid units subject to NSPS had come
on stream. Table 4-1 summarizes dafa presented later in Table 4-4
for these 19 units and their désign tonnage by EPA region. Figure
4-1 shows the geographic distribution of these units as‘well as the
locations of eight units still under construction. The latter units
are described in Table 4-2. The heaviest concentration of new or
mpdified nitric acid unit constructiop since 1971 appears in EPA
Regioﬁs IV and VI--along the coast of the Gulf of Mexico and within
the Mississippi River delta. Additionally, about half of the total
number of nitric acid plants afe located in the southern tier of
states. The distribution of nitric acid, as shown in Figure 4-1

displays a spacial pattern similar to that of the major fertilizer

41
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TABLE 4-1

NITRIC ACID PLANT COMPLETIONS SUBJECT TO NSPS

New or Modified

New or Modified Plant Percent of Total
Units Design Capacity New or
EPA in Production (100% HNO3) Modified

Region (1971-1977) ' Mg/day (tons/day Design Capacity

111 1 164(180) - 2.0

IV 7 3936(4325) 47.8

VI 7 3265(3588) 39.6

IX 2 319(350) 3.9

X 2 549(603) 6.7

Total 19 8319(9046) 100.0

Average Design Capacity/Unit: 438(476)

production centers (Chapman, 1973). Since the bulk of all nitric

acid produced is consumed captively in the manufacture of nitrogen

fertilizer used mainly in the Midwest cornbelt, the South Central

states, and the Southwest, the similarity in spacial patterns between

nitric acid plants and fertilizer manufacturing plants is to be

expected.

4.1.2 Production

EPA predicted the start-up of five new nitric acid units per

year for several years after promulgation of the NSPS (EPA, 1971).

The actual average rate of start—-up between 1971 and 1977 has beeh

between two and three units per year.

In 1971, U.S. production of 100 percent nitric acid totalled

6,951,000 metric tons and increased at an average annual rate of 0.7

4-3




oy

o e L. oL L e I . .
wwmﬁ ¢1o3eg 8161 ¢*99Q uorjdiosqy vmvcwuxw .vAoomv 0Lz *z11y ‘uosueg *0) umvaom ayoedy XI
wmmw ‘11ossny 0861 934 uot3diosqy papualxy (009) 9%S ssuey ‘yaeyder ] Hmmﬂswso F1nd 1IA
gL61 ‘oevlaezaq 8L6T *°AON uot3diosqy papuslixiy (o0g) €L2 esupy ‘ojogeq  [BUSSIy Amay aamoljung 1IA
STEITWaY)
861 $s97119 8L6T ‘°02q uo13d10Sqy popuaIXy (06S) 00§ *oR ‘431D 1BISAI1D 1BIN3IINOTA8y *S°S°*q IIA
8L61 ‘pedy /61 ‘°AON uot3diosqy wwvumuxm ANNNV D4 *BI0 ‘pIBMPOOM STROTWAY) BIAD] IA
Sutqqnidog oT3sNE) |
_ 8L6T ‘Aydany 6L6T ‘4ey 3 uoridiosqy PRTTIUD (0€9) 04§ *e1yQ ‘esoo3e) *0p TeoTWayy 09718y 1A
g/61 ‘oetaezaq 6.61 f*23Q uor3diosqy papualxy (00%) #9¢ *sTM ‘ooqeaeg 1eussay Away aelpeg A
8161 ‘doon 8L6T ‘*o3Q uo13diosqy papudixRy (0ZZ) 00z  *11I ‘enbnqng 3seq *daop uay-N A
20anog ajeq dpn-3ae3s £3o1ouyoag (Lep/sucl) Lep/3H uoi3lEO0] JUBTJ Aueduop uo18ay

pejedIoTjuy

1013u0p *oN

K3towde)y jueld

NOTIONYLISNOD HIANN YO JIANNVId SEINVId dIDV DIYLIN

T-% A19VL

b4ty



[

e

percent to 7,167,000 metric tons in 19?7. ‘Figure 4-2 shows the
growth of nitric acid prqductipn from 1939, and Table 4-3 shows the
percent change per year.

Major end uses for nitric.acid are shown in Figure 4-3. The
largest consumer of nitric acid;is the fertilizer industry.which
consumes 70 percent of allinifric acid produced; industrial explo-
sives use 15 percent of acid produced (Manderson, 1972). Other
end uses of nitric acid are gold and silver séparation, military »
munitions, steel and brass piékling, photoengraving, productién of
nitrates, and the acidulation of phosphate rock.

TABLE 4-3

U.S. NITRIC ACID PRODUCTION

Proﬁuction of Annual
Year 100% Acid (109 Mg) Change (%)

1957
11958
1959
1960
1961
1962
1963
1964
1965
1966

[ 3
O 00
-~ —
® & o & & ¢ 5 &

—
P W OOV OWORRWSNN P

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

! )
H oW W

O e o o ¢ o o o

POVCUVNWPOPRrOVOWLWPROPLWFRO M

2
2

2

3

3

3

3

4

4

5

1967 -5
‘ 6
6

6

6

7

7

7

6

7

7

1

Sources: Bureau of the Census, 5; 1977.
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FIGURE 4-3

NITRIC ACID CONSUMPTION IN THE U.S. BY MAJOR
USES, 1970 (IN MILLIONS OF TONS OF

100% NITRIC ACID)
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4.1.3 Trends

The average rate of production increase for nitric acid fell
from 9 percent/year in the 1960-1970 period to 0.7 percent from 1971
to 1977. The decline in demand for nitric acid parallels that for
nitrogen-based fertilizers during the same period (Bureau of the
Census, 1977).

Nitric acid production shows an increasing trend towards plant/
unit location and growth in the southern tier of states. In 1971, 48
percent of theynational production was in the south. This figure
increased to 54 percent in 1976 (Bureau of the Census, 1977).

About 50 percent of plant capacity in 1972 consisted of small to
moderately sized units (50 to 300-ton/day capacity). Because of the
economics of scale some producers are electing to replace their
existing units with new, larger units (Manderson, 1972). Also, the
trend toward reduction of NOy emissions is stimulating the shutdown
and replacement of older units. New nitric dcid production unité
have been built as large as 910 Mg/day (1000 tons/day). The average
size of new units is approximately 430 Mg/day (500 toqs/day).

4,2 Nitric Acid Manufacture®

Nitric acid is manufactured in the U.S. by the high temperature
catalytic oxidation of ammonia. The essential components of an

ammonia oxidation nitric acid plant are:

*¥process information in Sections 4.2, 4.3 and 4.4 is taken from
Acurex/Aerotherm, 1977, unless otherwise noted.
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l. Converter or oxidation section where the ammonia vapor and
air are mixed and reacted catalytically to oxidize the
ammonia.

2. Cooler-Condenser section where the nitrogen dioxide is pro-
duced by cooling the reaction gases and weak nitric acid is

formed.

3. Absorber section where the cool nitrogen dioxide is absorbed
in water to form nitric acid.

In the first step of this process one volume of anhydrous ammonia is

mixed with nine volumes of preheated air and passed through a multi-

layered, silk fine platinum—rhddium gauze catalyst at 750° to 800°C.

Under these conditions, the oxidation of ammonia to nitric oxide pro-
ceeds in an exothermic reaction with a 95 percent yield:
4NH3 + 509 — 4NO + 6H90 . (1)
The second step involves the oxidétion of fhe nitric oxide to
nitrogen dioxide:
2NO + 09 —->2N02.—* N9Oy . (2)
The forward rate of reaction (2), which is rather slow compared wigh
reaction (1), is favored at lower temperatures and higher pressures.
Hence, reaction (2) is always carried out after cooling the gas to
38°C or less and, depending on the process design, at pressures up to
500 kPa* (73 psig). |
Inlthe final step, the nitrogen dioxide/dimer mixture is cooled

further and passed to an absorber where it reacts with water to pro-

duce an aqueous solution of 50 to 60 percent nitric acid, the concen-

tration depending on the temperature, pressure, number of absorption

*Kilopascal - 100 kPa = approximately 1 atm.
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stages, and concentration of the nitrogen dioxide entering the
absorber
3N0, + Hp0 — 2HNO3 + NO ' (3)

This reaction is also favored by low temperature and high pres-
sure, because the gases involved are more soluble at lower tempera-
tures and absorption results in a reduction in volume. In_fact, soﬁe
processes utilize the low temperature/high pressure conditions to
increase yields.

The formation of nitric acid in Equation (3) involves the dis-
proportionation of nitrogen dioxide to form two moles of nitric acid
for every mole of nitric oxide. In order to reoxidize the nitric
oxide during absorption, secondary air (also known as bleacher air)
is introduced into the absorber along with the nitrogen dioxide.
However, the reaction to form nitric acid is never quite complete —-
the overall process is 95 percent efficient, so that a small quantity
of nitrogen oxides, NO, (NO; and NO), is inevitably present in
the waste gas discharged from the absorption column. The NOy in
these waste gases is the target for air poilution regulations and
control.

Acid product is withdrawn from the bottom of the tower in con-
centrations of 55 to 65 percent. The air entering the bottom of the
tower serves to strip NO, from the product and to supply oxygen for

reoxidizing the NO formed in making nitric acid (Equation 3).
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The‘oxidation and absorption operations can be cgrried out at
low pressures (100 kPa), mediuﬁ pressures (400 to 800 kPa) or high
pressures (1000 to 1200 kPa). Both operations may be at the same
pressure or different pressurés.

Before corrosion-resistant materials were qeveloped (precluding
the use of highApressures)‘the:ammonia.oxidation and absorptién ober—
ations were carried out at essentiallyfatmospherié pressuré, The
advantages over higher pressuré'processes were 1ongef catalyst life
(about 6 months) and increased'efficieqcy of ammoni; combustion.‘
However, because of the low abéorption and NO oxidation r;tes, much
more absorption volume was required, aqd several large towers wére
placed in se?ies. Some of these low pressure units afe still in
operation, but they rep?esent less than 5 percent of the current U.S.
nitric aciﬁ caéacity.

Combinatipn pressure plants carry out fhe émmonia bkidaﬁion pfo—
cess at low or medium pressure and the absorption gtép at médium or
high bressure. The increased pressure for the oxidation reaction
shortens the catalyst's 1ifeti@e (1 to 2 months) and lowers the
ammonia oxidation conversion efficiency. Thus, lower pressures in
the oxidation process are preferred. On the other hand, higher
pressures in the absorption tower increase the absorption efficiency
and reduce NOy levels in the tail gas. The advantages of higher
absorber‘pressures must be weighed against the cost of pressure

vessels and compressors.
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The choice of which combination of pressures to use is very site
specific and is governed by the économic tradeoffs such as costs of
raw materials, energy and equipment and process efficiency. In the
1960s combination low pressure oxidation/medium pressure absorp-
tion and single pressure (400 to 800 kPa) plants were preferred.
Since Qhé 1970s the trend has been toward medium pressure oxi-
dation/high pressure absorption plants in Europe and single pressure
(400 to 800 kPa) plants in the U.S. l

The two types of weak nitric acid production processes in use in
new U.S. plants, i.e., single pressure and dual pressure process, are
described in the following sectionms. Table 4-4 lists all of the new
and modified nitric acid plants subject to NSPS, together with their
capacities and the production and NOx abatement processes used.

4.,2.1 Single Pressure Process

In the single pressure process both the oxidation and absorption
are carried out at the same pressure--either low (atmospheric) or
medium pressures of 400 to‘800 kPa (60 to 120 psigs. Single pressure
plants are the most common type in the U.S. Figure 4-4 is a
simplified flow diagram of a single pressure process. A medium
pressure process will be described in the following paragraphs.

Air is compressed, filtered, and preheated to about 300°C

(592°F) by passing through a heat exchanger. The air is then mixed

with anhydrous ammonia, previously vaporized in a continuous-steam
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evaporator. The resulting mixture, which contains about 10 percent
ammonia by volume, is passed through the reactor. The reactor
contains a platinum-rhodium (2 to 10 percent rhodium) wire-gauze
catalyst (e.g., 80 mesh and 75—mﬁ diameter wire, packed in layers of

10 to 30 sheets) so that the gas travels downward through the gauze

sheets. Catalyst operating temperature is about 750°C (1382°F).

Contact time with the catalyst is about 3 x 104 second.
The hot nitrogen oxides and excess air mixture (about 10 percent
nitrogen oxides) from the reactor are partially cooled in a heat ex-

changer and further cooled in a water cooler. The cooled gas is

' introduced into a stainless-steel absorption tower with additional

air for the further oxidation of nitrous oxide to nitrogen dioxide.

Small quantities of water are added to hydrate the nitrogen dioxide

and also to scrub the gases. The overhead gas from the tower is re-

heated by feed/effluent heat exchangers and then expanded through a
power recovery turbine/compressor used to supbly the reaction air.*
The bottom of fhe tower yields nitric acid of 55 to 65 percentl
strength. Fifteen of the 19 U.S. nitric acid'plants sub ject to NSPS,

employ a single pressure process.

*In those plants using catalytic reduction as NO, abatement

method, the tail gas is first passed through the catalytic reduction
system and then expand ed through a power recovery turbine/compressor
used to supply the reaction air.
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4,2.2 Dual Pressure Process

In order to obtain the benefits of increased absorption (with
greater product yield) and reduced NOy emissioné, some dual pres-
sure plants are in use in the U.S. Four of these plants subject to "
NSPS have been built in the U.S. Recent trends favor moderate
preésure oxidation and high pressure absorption.

A simplified process flow diagram for a dual pressure plant is
shown in Figure 4-5. In the Uhde version of this process, liquid am-
monia is vaporized by steam, heated and filtered before being mixed
with air from the air/nitrous oxide compressor at from 300 fo 500 kPa
(v3 to 5 atm.). The ammonia/air mixture is cat#lytically oxidized in
the reactor with heat recovery by an integral wasté heat boiler to ' .
generate steam for use in the turbine-driven compressor. The combus- ;
tion gases are further cooled by tail gas heat exchange and water
cooling before compression to the absorber pressure of 800 to 1400
kPa (u8 to 14 atm). The absorption tower is intermally water cooled
to increase absorption by water. Nitric acid up to 70 percent
concentration is withdrawn from the bottom of the column and degassed
with the air feed to remove unconverted NO before being sent to
storage. The air/NO mixture is combined with reactor effluent to
form the absorber feed. High yields of up to 96 percent conversion

can be obtained by this process. ‘ .
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4.3 Emissions from Nitric Acid Plants

The main source of atmospheric emissions from the manufacture of
nitric acid is the tail gas from the absorber tower. The emissions
are primarily nitric oxide and nitrogen dioxide with trace amounts of

nitric acid mist. Each of these pollutapts has an effect on the
color and opacity of the tail gas plume. The presence of nitrogen 5 o
dioxide is indicated by a reddish-brown color. Since nitric oxide is

colorless, the intensity of the color and, éherefore,.plume qpacity,

is directly proportional to the nitrogen dioxide concentration in the

plume. Concentrations of greater than 0.13 percent by volume of ni- | 4

trogen dioxide produce a definite reddish-brown color in the exit

'

plume, whereas effluent gases containing less than 0.03 percent ni-
trogen dioxide are colorless.

The opacity of the plume is also a function of the amount of
nitric acid mist in the tail gas, which is dependant on the-type of
process used, the extent of mist entrainment and the efficiency of
entrainment separatoré. For those acid processes operated above at-
mospheric pressure, the tail gases are reheated and expanded for
power recovery purposes and discharged to the atmosphere at 200° to
250°C. At this temperature, any acid mist present is converted to
the vapor state. In atmospheric pressure processes, however, the ‘ *
temperature'of the tail gas is below the dew point of nitric acid.
.As a result, the acid is emitted as a fine mist which increases the

plume opacity.
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The average emission factor for uncontrolled acid plants is 20
to 28 kg NOX/Mg of acid, with typical uncontrolled tail gas concen—
trations on. the order of 3000 ppm NOy . This concentration would be
experlenced in a low pressure plant. The NOy concentration in the
tail gas of medium pressure plants ranges from 1000 to 2000 ppm.

Nitrogen oxide emissions vary considerably Qith changes in plant
operation. Several operating varlables have a more s1gn1f1cant ef-
fect on increasing NOy emissions. These include: (1) 1nsuff1c1ent
air supply to the oxidizer and absorber; (2) low pressure, especially
in the absorber; (3) high temperatures in the cooler-condenser and
absorber; (4) productlon of an excessively high- strength product
acid; and (5) operatlon at high throughput rates. Finally, faulty

equipment, such as compressors or pumps, lead to lower pressures and
leaks which decrease plant efficiency and increase emissions.

4.4 Control Technology for NO, Emissions from Nitric Acid Plants

Nitric acid plants can be designed for low NOy emission'levels
without any add-on control equipment. Such plants are usually equip-
ped with high efficiency absorbers,‘i.e., those having high inlet gask
pressures and effective cooling of the absorber solution.v However,
all new U.S. plants built since the promulgation of the NSPS are |
designed to meet the low NOy emissions required by the present
standards with some form of Nbx abatement equipment.

A number of methods are available for reducing NO, emissions

from new nitric acid plants. These methods include catalytic
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reduction with certain fuels, extended absorption, wet uuiuhhiﬂg.
chilled adsorption; and molecular sieve adsofption. The methods are
summarized in Table 4-5 and described in greater detail in thé fol-
lowing paragraphs. Table 4-6 summarizes typical tail gas analyses
from uncontrolled plants and from plants incofporating the two most
important NOy abatement methods in use in new nitrié acid plants
(catalytic abatement and extended absorption).

4.4,1 Catalytic Reduction

Catalytic reduction has been widely used as an NO, abatement
system installed on new nitric acid plants built since 1971. Cataly-
tic reduction was also used as a method of NO, decolorization on
over 50 percent of nitric acid plants built prior to the NSPS. The
reasons for thé prevalance of this control technblogy until 1975%
were:

(1) Its relative ease and flexibility of operation

(2) The recovery of waste heat

(3) High NOy removal efficiencies.

In practice, the catalytic reduction unit is an integral part of
the plant (Figure 4—-6). The tail gas from the absorption tower is
preheated by heat exchange with the converter effluent gas. Fuel is

added and burned in the catalytic unit to generate heat and abate

*The advent of a proven alternate NOy control technology-—the
extended absorption process——-together with the developing natural
gas shortage at that time radically changed the entire nitric acid
plant NOy, control situation (see Section 4.4.2).
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© 'TABLE 4-5

NO, ABATEMENT METHODS FOR NITRIC ACID PLANTS

Method

Description

Comments

Catalytic Reduction

Nonselective

Selective

Extended
Absorption

Wet Scrubbing

Molecular Sieve
Adsorption

i Chilled
. Absorption

)

- Reduction of NO, and 0,

with CH,, CO or Hy over

a Pt or Pd catalyst to form
Ny, €CO9 and Hy0; single-
stage unit reduces N0y to
NO (decolorization); two-
stage unit or single-stage
with temperature control
reduces NO to Ny (full
abatement).

Reduction of NO, only

with NH3 over a Pt
catalyst to form Nj.

Use of a second absorption
column to increase recovery

~and yield of HNOj3.

Scrubbing absorber tail
gases with solution of

urea, ammonia, sodium
hydroxide, sodium carbonate,
or potassium permanganate.

.Removal of NOy using

adsorbent/catalyst bed con-
taining a synthetic zeolite;
thermal regeneration
recovers NOy for comver-
sion to HNOj.

Chilling absorbing solution
to increase NO; solubility
and yields of HNOj.

Prior to the promulgation, of
NSPS, decolorization of the
absorber tail gas was often
profitable because of the
energy recovered from the
combustion of methane; full
abatement now requires addi-
tional methane and represents
a fuel penalty; may be oper-
ated at high or low pressure;
may be used in conjunction
with extended absorption.

Energy recovery not possible;
may be operated at high or
low pressures; often used
with extended absorption.

Required inlet pressure of
730 kPa may necessitate ad-
ditional compressor unit.

May be operated at low or
high pressure, but NO,
removal greater at higher
pressures.

High energy and capital
requirements; achieves ex~
tremely low NO, emissions
(<50 ppm).

Primarily used as retrofit
on existing plants; usually
cannot meet NSPS without
other controls or lowered
acid product concentration.
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TABLE 4-6

TYPICAL NITRIC ACLD PLANT TALlL GAS hMIbS[ON COMPOSTTI0ONS
(Percént by Volume)

Plant Control Method

Component ' Catalytic Extended
or Tail Gas Uncontrolled® Reduction Absorptionb

NO 0.10 0.01 -
NO, 0.15 trace 0.015
N, 96.15 94.20 96..00
09 3.00 trace 3.50
H0 0.60 3.80 ~0.50
o, ' - 2.00 -

8Conventional de31gn has been 98 percent absorption efficiency

(this composition is typical of the tail gas before catalytlc
reduction).

bThe control in this plant is done by increasing the absorption
efficiency to 99.8 percent plus.

Source: Wyatt, 1973.
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the tail gas. The hot gas from this unit passes to an expander which | .
drives the process air compressof for the ammonia converter. A waste ‘
heat boiler removes the heat from the expander outlet gas in the form
of steam, and the treated tail gas is vented to the atmosphere. In
some cases, a waste heat boiier is required after the catalytic unit
to keep the expander inlet temperature below its design maximum -
usually 677°C (1250°F).

Catalytic reduction processes can be divided into two categor-
ies: nonselective and selective reduction. In nonselective reduc-
tion, the tail gases from the absorber are heated to the necessary
ignition temperature and mixed with a fuel such as methane, ééfboni
monoxide, or hydrogen. This mixture is passed to the catalytic re-
duction unit, where the fuel reacts with both NO; and 07 to form
C09, H9O0 and N over a catalyst consisting of 0.5 percent Pt or
Pd either in the form of spherical(pellets or deposited in avhoney— |
comb ceramic material. When methane (natural gas) is used as the

fuel, the following reactions take place:

CH4 + 209 —COy + 2H90 (6)
CHy + 4NOp — 4NO + COy + 2H)0 (7
CHy4 + 4NO — 2Ng + COy + 2H50 (8)

The first two of these reactions proceed rapidly with the evolution

of considerable heat which is recovered in a waste heat boiler. 1In
the second reaction or decolorization step, the nitrogen dioxide is

converted to nitric oxide, so the gas is colorless even though there
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has been no decrease in the total nitrogen o#ides. Only the feaction
with additional methane as sho&n in ;he last feaction results in the
reduction of the nitric oxide to nitrogen. ‘Thg final reduction step
must be limited to an upper éemperature of 843°Cv(1550°F), due to the

catalyst thermal limitation. If reduction has to be carried out in

the presence of high oxygen concentrations (above 3.0 percent), it

must be performed in two stages to prevent exceeding the upper tem- -

' perature limit. When this last reaction is complete, total NOy

abatement is achieved.

For a giveﬁ fuel, there is a minimﬁm ignition temperature re-
quiréd to initiate the reaction. Once reaction has’started the heat
of reaction will maintain the temperature. Ignition temperature is
lowest fpr hydrbgen and carbonﬁmbnoxide, 150° to 200°C, and highest
for natural gas, 480° to 510°C.

In practice, 90 to 95 percent of the nitrogen oxides in the tail
gas are decomposed by this process. Typical operating conditions are
summafized.in Table 4~7. The particular process coﬁditions chosen
depend upon the usefulness of fecovering heat, the éﬁount of capital
available for the cost of heat‘exchangers and related\equipment, énd
the availability and cost of fuels. Depending on the overall plant
heat'balance; significant economic return can be realized through
recovery of heat generated in»the‘abétement unit.

In the selective reduction process, ammonia is used to catalyti-

cally reduce NOy to Ny without simultaneously reacting with
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oxygen. A ceramic-supported'(either peilets or hoqeycomﬁ) platinum
catalyst is used to effect tﬁe following reactions: | ‘
8NHy + 6NOp — 7N, + 12 Hy0 | (9
4NH; + 6NO — 5Ny + 6 HyO | ~(10)
Both of these reactions 6ccu£ at relatively low temperatures (210° to
270°¢C). 'Typicél operating conditions for selective reduction are
summarized in Table 4—7. :
The advantage of this mgthod is that less heat is evolved and
the installation ofvheat remqval equipment is unnecéssary. waever,
the platinum catalyst required is morekexpensive and the ammonia cost
may not be competitive with 6ther fuels even when less is required.
Close temperature control is;requiréd to prevent ammonia oxidation,
which would increase nitrogen oxide emissions. Start-up and‘shut—
down procedures must also be ‘closely controlled to avoid fo_rmation of
ammonium nitrige salts.
Catalytic reduction is particularly suited to the pressure
ammonia oxidation process in which the abéorption tower tail gas is

of uniform composition and flow, is under pressure, and can be

‘reheated by heat exchange to the necessary reduction unit feed

temperature. Of the 19 nitric acid plants subject to NSPS which are

currently on stream, eight feature catalytic reduction as the NOy

control mechanism.
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4.4.2 Extended Absorption

The most obvious method of reducing NOy emissions in the tail
gas of a nitric acid plant is to increase the absorption efficiency.
Emission control by absorption is somewhat misleading, since no add-
on emission control equipment is necessary if the plant is designed |
and built with sufficient absorption capacity. The majority of
nitric acid plants built since World War II have absorbers designed
for an absorption efficiency of 98 percent, allowing an emission
of 15 to 17.5 kg of NO, (as N02)‘per metric ton of nitric acid.

This design factor was estaﬁlished by economics and the lack of air
pollution regulations. However, with present day economics and the
advent of the NSPS, designing absorption plants for ﬁigher NO,
recovery has received more consideration. Nitric acid'flants have
been constructed with absorption'Systems designed for 99.8 plus
pércent NO, recovery. This recovery efficiency assures compiiance
with the NO, NSPS of 1.5 kg/Mg (3.0 1b/ton).

In the extended absorption process, a second'absorption tower is
added in series to the existing absorber. The NO; is absorbed By

water and forms nitric acid. The economics of the extended absorp-

tion process generally require the inlet gas pressure at the absorber.

to be at least 730 kPa (107 psig). Also, cooling is usually required
if the inlet NO, concentration is above 3000 ppm. There is normal-

ly no liquid effluent from extended absorption; the weak acid from
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the sécondary ébsorber is recycled to the first absorber, increasing
the yield of nitric acid. Figure 4-7 is a schematic flow sheet of a.
323‘Mg/day (360 tons/day) nitfic acid plant using extendéd'
absorption. Also shown on Figure 4-7 are the. operating conditions
and utility requirements in effect ét this plant. The system shown
is'the Grande Paroisse® version of the extended absorption process.

In the D.M. Weatherly Company version of the extended absorption
system, a smaller volume and number of trays in the absorption system
is required as compared with the Grande Pafoisse aBsorption system
due to tﬁe use of mechanical refrigeration for chilling part of the
cooling water employed. Two cooling water systems are used for
cooling the absorbers. The first p;rt of the absorption process 1is
cooléd by the normal cooling Vater available at the plant site.
Appfoximately one-third of the trays are cooled by normal cooling
water. The balance of the trays in the absorption system, a?e cooled
by cooling water at about 7°C (45°F), which is achjeved by mechanical
refrigeration. The refrigeration process is a part of the ammonia
vaporization sgction of the nitric acid plant (Weatherly, 1976)',

The extended absorption $ystem operates without any problems as
long as design conditions are met. This means that the absorber
pressure and oxygen content in the gas to the absorber must not be
below design level; and the témperature and NOy content in the gaé

stream must not exceed design level. With regard to temperatures,

*Licensed by the J.F. Pritchard Co., Kansas City, MO.
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this system is particularly vulnerable to high summer ambient
temperatures in the southern tier of states, i.e., temperatures in
excess of 95° ‘to 100°F. Infoématioﬁ from one éxténded absorption
nitric acid plant in Louisiana for the third quarter of 1978 seems to
confirm this problem. In August there were 2 days when 4-hour
periods of excess NOy emissions occurred due to high ambient
temperatures (Carvilie, 1978). Since the NO; vapor pressures can
be‘higher then the absorber can cope with during these periods of
éxcessive ambient temperatures, one extended absorption syéteﬁ vendor
will guarantee performance within the specified NOy emission limit
only 95 percent of the time (Russell, 1978).

Of the 19 nitric acid plgnts currently subject to NSPS, nine
féature‘extended absorption as the NOy control mechanism. It is
notewprthy that eight of these nine plants have come on stream since
the energy crisis of the mid—i97OS.* Additionaily, seven of the
eight plants scheduled to come on stream by the end of 1979 (Table
4-2) feature extended'absorption for NO# emission control. It
appears that from a day-to;day operational standpdint, nitric acid
plant operators have decided fhat the increasing uncertainty of aﬁ
adéquate natural gas suppiy, the principél fuel used‘in the catalytic
reduction units, together with the anticipated sharp increases in

natural gas price over the next few years,** have made extended

*One of these plants (a U.S. Army installation) operates inter-
mittently and is currently down.

**Interstate natural gas price (old gas) is expected to be in the
$1.50 to $2.00 per 1000 cubic feet range in the early 1980s, as
compared with the present price of approximately $1.25 per 1000
cubic feet (MITRE estimate).
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absorption the preferred process for NOy abatement in the future.
In cases where the new nitric acid plant is located in a fertiiizer
complex* with an available contract at favorable prices an assured
low-price, long-term natural gas supply, catalytic reduction eco—
nomics are more attractive thap extended absorption, provided that
fuel consumption is only slightly in excess of the stoichiometric
amount needed for NO, abatement (Byrne, 1978).

4.4.,3 Molecular Sieves®™

Molecular sieves can selectively adsorb NO, from nitric acid
plant tail gas. NO, removal is accomplished'in a fixed bed adsorp-
tion/catalyst system, providing recovery and recycle of the nitrogen
oxides back to the nitric acid plant absorption ﬁower. A flow dia-
gram for a Purasiv®** control system is shown in Figure 4-8. The
water-saturated nitric acid plant absorption tower overhead stream
is chilled to 7° to 10°C (45° to 50°F),. the exact temperaturé level
being a function of the NO, concentration in the tail gas stream,
and passed through a mist eliminator to remove entrained water and
acid mist. The condensed water, which absorbs some of the NOj in
the tail gas to form a weak acid, is collected in the mist eliminator
and either recycled to the absorption tower or sent to storage. The
dried tail gas then passes through a molecular sieve bed where the

special properties of the NO, removal grade molecular sieve result

*Where ammonia is synthesized from natural gas.
%*%This information is taken from EPA, 1976, unless otherwise noted.
*%%Pyrasiv is the molecular sieve system developed by Union Carbide
Corp.
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in the catalytic conversion of NO to NOp. This occurs in the
presence of the low concentrations of 6xygen typically present in the
tail gas stream. Nitrogen dioxide is then selectively adsorbed. The
molecular sieve adsorbent/catalyst provides the most effective
performance and longest life when the tail gas is bome dry. This is
accomplished by drying with a desiccant which exhibits very little
coadsorption of NOy during watér removal. The desiccant is located
in the same adsorber vessel as the NO, adsorbent/catalyst in a
compound bed arrangemant. »
Regeneration is accomplished by thermal swinging (cycling) the . e
adsorbent/catalyst bed after it completes its‘adsorptiqn step and
contains a high adsorption loading of NOj. The required regenera-
tion gas is obtained by heating a portion of the treated tail gas
stream which is then used to desorb the adsorbed NOj from the bed
for recycle back to the nitric acid plant absorption tower. The
treated tail gas stream is passed through an oil or gas-fired heater
to provide heat for regenefation. The NOg-loaded gas is recycled
to the nitric acid absorption tower. The pressure drop in the sieve
bed averages 34 kPa and NO, outlet concentration of the molecular -
stack gas averages 50 ppm.
The process has been successful in meeting NOy emission étan—
dards for existing plants. The principal criticisms have been high
capital and energy costs, and the problems of coupling a cyclic é}s—

tem to a continuous acid plant operation. Furthermore, molecular
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sieves are not considered asistate-of-the-art technology (Acurex/
Aerotherm, 1977).

There have been no nitric acid plants built and subject to NSPS
which incorporate molecular sieves as NOy control technolbgy.

4.4.4 Wet Scrubbing

|

Wet scrubbing involves treatment of the absorber tail gas with
solutions of alkali hydroxides or carbonates, ammonia, urea, or po-
tassium permanganate to absorb NO and NO5 in the form of nitrate
and/or nitrite salts in a scrubbing tower. 1In the case of caustic
scrubbing, the following reactions take place:

2NaOH + 3NO, ;*ZNaNO3 + NO + H,y0 (11)

2NaOH + NO + NOp — 2NaNO, + H,0 ‘ (12)
However, disposal of the spent scrubbing solution presents a serious
water pollution problem. One‘nitric acid plant éubject to NSPS
employs a combinationlof chilled absorption and caustic scrubbing to
achieve NO, abatement.

One of the more novel scfubbing processes uses é urea solution
to convert the nitrogen oxides, after oxidation to their respective
acids, to nitrogen and marketable ammonium nitrate:

HNO2 +.CO(NH2)2 + HNO

3 N, + €O, + NH,NO, + H,0 (13)
This process has been reported to reduce NOy emissions from 4000

ppm to 100 ppm and can theoretically be designed for no liquid efflu-
ent; in practice, however, some effluent is produced requiring waste~ -
water treatment. Additionally, marketing of the ammonium nitrate is

not always possible, creating. an additional storage/disposal problem.
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5.0 INDICATIONS FROM NSPS COMPLIANCE TEST RESULTS

5.1 Test Results from EPA Regional Sources

. The MITRE Corporation, Metrek Division, conducted a survey of

all 10 EPA regions to gather :available NSPS compliance test data for

each of the 10 industries under review (MITRE Corp., 1978).: This
survey yielded test data on two new nitric acid units. Data includéd
" average NOX emissions and 100 percent nitric acid prbduction‘rates
for these units in effect at the time of the test. In both cases,
the nitric acid production rate was at the unit design maximum (the
actual production rates were within 5 to 10 percent of the nominal
design rates). The two units were stated to be in compliance with
respect to the opacity standard. Telephone contacts with EPA
regional personnel, nitric acid plant operators and a search of the
literature yielded NSPS compliance test data on an additional 12 new
nitric acid units., Five new.operational nitric acid units Have not
been tested for compliance under NSPS as of August, 1978. In‘éll,
14 sets of data were obtained representing 14 new or modified nitric
acid units.

5.2 Analysis of NSPS Test Results

The NO, emission resulté.of the NSPS compliance tests obtained
for the 14 nitric acid units are tabulated in Table 5-1 and displayed
in Figure 5-1. lIt should be noted that the data in Figure 5-1 are
displayed in terms of the three NOy control technologiesiused at all

of the plants subject to NSPS.
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Average NSPS Test Results, Lb'NOx/ton
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5.2.1 Control Technology Used to Achieve Compliance

All 14 units tested showed compliance with the NSPS NOy con-
trol level. Of the l4 units tested, seven achieved campliance with
the NO, standard through use of the catalytic reduction process.* _ .
Of the remaining seven units, six use‘the extended absorpﬁion pro-
cess and one employs a combination of chilled absorption and caustic
scrubbing to meet the standard. All_of the new units meet the opac-
ity standard since opacity is directly related to NO, emissions. 3 ’

It is evident from Figure 5-1 that catalytic reduction is more
capable of control to lower'NO# emission levels than extepded ab-
sorption. The arithmetic average of the NSPS NO, coptrol results
is 0.22 kg/Mg of 100 percent acid (0.44 1b/ton) where catalytic re-.
duction control technology is employed, while the arithmetic average
. of the NSPS test results for those plants using extended absorption,
is 0.91 kg/Mg of lOO‘perceht acid (1.82 1b/ton). Thus, both tech-
nologies can meet the present NSPS for NOy emissions. However, as f ' i
was discussed in Section 4.4.2, it 'is likély that the great majoriﬁy
of nitric acid plants built in the future will employ extended ab-
soxrption as the NO, éontrol technology. Since extended absorption

absorption was not in use in any U.S. nitric acid plants at the time

*Most of these plants use the nonselective catalytic reduction pro-
cess. At least one plant uses the selective process (distinctions
between these processes are discussed in Section 4.4.1). All refer-
ences to catalytic reduction in later sectioms of this report refer
to the nonselective process.
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of promulgation of the NO, NSPS, EPA had oﬁly described catalytic
reduction as the control technology capable of achieving compliance
with the standard. With the demonstrated ability of extended ab-
sorption to contfol NO, emissions to within the pfesent standafd,
and the very pronounced trend_to this techoology for NOy control

in foture plants, any changes'in the NSPS must be considered in the
light of this newer technology.

5.2.2 Comparative Economics of the Catalytic Reduction and
Extended Absorption Processes for NO, Abatement

Relative costs of new nitric acid plants equipped with either
catalytic reduction or extended absorption processes for NO, con-
trol, have been developed and are shown in Table 5_2" The costs
shown are in 1975 dollars.

Study of Table 5-2 indicates that in terms of 1975 dollars,
the total annual operating cost of the catalytic reductionrprocess
is.approximately 98v§ercent of this cost for extended absorption.
Escalation to current costs would affect both catalyfic abatement
and extended absorption in similar amounts for oearly all the items
shown in the determination of total annual operating cost. However,
the fuel cost shown for catalytic reduction, i.e., $1.00/million BTﬁs.
for natural gas, is not a realistic current cost. A MITRE estimate
for a realistic voluoe price for interstate natural gas at present
would be in the neighborhood of $1.25/million BTUs. This price is

likely to increase sharply in the near future. On this basis, the
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&

total annual operating cost (iﬁ current dollars) for the catalytic
abatement and extended absorptiqn precesses appears to be quite
comparable. However, tﬁe investment cost for extended absorption
appears to be appreciably greater than that for catalytic abateﬁent

based on data in Table 5-2.

5.3 1Indications of the Need for a Revised Standard

At this time, there is not sufficient justification for making
the present NOy NSPS (and the related opacity seandard) more strin-—
gent, based on the following considerations:

e There are several alternative NO; control technologies
available to the nitric acid industry, two of which have
been the control systems of choice since the promulation
of the nitric acid plant NSPS. These are catalytic re-
duction and extended absorption

‘¢ Of these two systems, NSPS compliance test data have clearly
- shown that catalytic reduction is the best demonstrated con-

trol technology (even though both NO, control systems meet
the present NSPS), since this system of NO, control ‘produces
a much lower level of residual NOy in the exhaust gas than
extended absorption (based on NSPS compliance test data).
Additionally, catalytic reduction is a much more flexible
system than extended absorption in that it can deal with
upset conditions in the nitric acid plant which produce
large NO, excursions in a much more efficient manner.¥

- @ However, the overriding consideration in determining choice of
NO, control systems at the present time and in both near and
long term, is the uncertainty of supply and sharply escalating
cost of natural gas.—- the principal fuel used in the cataly-
tic reduction process. For this reason, nitric acid producers
have opted for extended absorption NOy control in about 50
percent of the plants built in the last 4 years (through mid-
1978) and will have incorporated extended absorption NO,
control in about 90 percent of new plants to be completed by -

*Section 6.2 presents data on NO, emissions resulting from upset
conditions.
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1980. On the basis of annualized costs, the catalytic reduc-
tion and extended absorption NO, control process appear to
be comparable, so that there would be minimal cost penalty for

new nitric acid plants incorporating the extended absorption "
process.
e While the extended absorption process can maintain NOy A : o

emissions at levels below the present standard, the emis-
sion levels achieved do not represent a very large margin
of safety. A principal vendor of this equipment provides
a normal performace guarantee of 200 ppm of NO, in the
nitric acid absorber tail gas (equivalent to approximately
3 1b/ton) with only a 7 to 8 percent margin of safety in
terms of absorber tray count. The lowest performance
guarantee which has been provided by this vendor, is 150
ppm NO, (equivalent to approximately 2.25 1b/ton) in the
latest plant design. Absorption towers get very large

and costly as the performance guarantee on NO, emission :
level is tightened (Russell, 1978). Thus, limitations in : -
extended absorption performance appear to preclude making '
the NSPS more stringent at the present time.

Other considerations, including effect of projected nitric acid

plant construction on NOy emissions and unique features of extended

absorption which affect the NSPS, are discussed in Section 6.0.
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6.0 ANALYSIS OF THE IMPACTS OF OTHER ISSUES ON THE NSPS

6.1 Effect of Projected Nitric Acid Plant Construction on Emissions

Based on the information presented in Section 4.1, the rate of
completion of new or modifie& nitric acid plaqts during the 1971 to
mid-1978 period has been approximately two to three‘per yeaf. During
mid-1978 to 1980 period; the number of new nitric acid‘plants planned
or dnder:constructioﬁ continﬁes to average about the same as 'the pre-
vious period. Based on this information, and an anticipated siowdown
in nitrogen-based ferti}izerTexports du;ing the early 1980§ (Chémical
and Engineering News, 1978), MITRE estimates a maximum of two new ni-

tric facilities added to existing U.S. production capacity during the

»

1980~1983 period. This williresult in a maximum_of eight new nitric
acid production lines starting up during this 4-year period. ‘In
addition, replacement of older nitric acid plénts during ﬁhis period
is assumed to occur at the same rate, i.e., eight replacement units
are anticipated to start-up during the 1980 to 1983 period. Thus,
a total of 16 nitric acid units subject to NSPS, are predicted to
come on-line during this period. Based on data in Tables 4-2 and
4-6 these new units are expected to average about 423 Mg/day (465
tons/day) each.

The total NOy emissions have been calculated at various NSPS
emission control levels for‘fhe 16 new units projected to be com—

pleted during the 1980-1983 period. The results of these calcula~

*

tions are shown in Table 6-1.




Table 6-1 indicates that halving the present NSPS control level
from 1.5 Kg/Mg (3.0 1b/ton) to 0.75 Kg/Mg (1.5 1b/ton5 would have
a relatively small effect on total U.S. NO; emissions, considering .
both the relation to total emissions from NSPS-controlled plants and ' -
to total emissions from all stationary sources. Approximately 1800
Mg/Yr ( 2000 toqs/year) reduction in total NO, emissions from NSPS-
controlled plants, results from a 50-percent reduction in the. NSPS
control level. The relative national environmental impact of these
projected new nitric acid pl;nts comparing the present NOy NSPS
control level and a 50 percent reduction of this level is very small
when considered against the total NOy emissions from all stationary
sources.

6.2 Problems Encountered by the Extended Absorption Process in
Controlling NO, Emissions

The extended absorption process appears fo be capable of con-
trolling NOy emissions from nitric acid plants subject to NSPS, to
less than 1.5 kg/Mg (3.0 1b/ton) during normal operation,.based on
NSPS compliance test results (see Section 5.0). However, communi-
cation with extended absorption nitric acid plant operators indi-
cates that problems are encountered during startup (where process
malfunctions may exist for several hours requiring sevgral rest-
arts) and shutdown (particularly unscheduled or emergency shut-
down). During these periods process conditions are unstable, and ; : >

NO, emission concentrations tend to be high while production is low
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or nonexistent. No external control system is available in these
situations to reduce NO, emissions to below the control level (as

in the catalytic reduction process), and a period of excess emissions
occurs. Limited data from two plants in their third quarter, 1978
excess emissions reports to EPA Region VI iilustrate this problem

(Tables 6-2 and 6-3).
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EXCESS EMISSIONS DATA FROM EXTENDED ABSORPTION
NITRIC ACID PLANT OPERATIONS

TABLE 6-2

. Plaﬁt: CF Industries, Donaidsonville, LAa’b
Emissions )
Lb. NOx P
Date Time Period Tonbof 1}0<0%e§mo3 Cause
7/2/78 1241 pm . 3.83 Start up
1-2 pd 4.52
2-3 pm 4.26
3-4 pm 3.52
7/11/78 6-7 pm- . 5.89 Start up followed shutdown due to expander bypass
7-8 pm 4,99 valve malfunction
8-9 pm 4.15
7/23/78 2-3 pm 5.71 Start up !
3-4 pm 6.65
4-5 pm . 3.76
8/7/78 - 34 pm ’ 4,27 Start.up followed shutdown due to high guage
4<5 pm 4.23 temperature trip
5-6 pm 3.27
6-7 pm . 5.20
7-8 pm 3.48
8/16/78 6-7 pm 4.25 Start up followed shutdown due to NO, compi:essor
7-8 pm 5.65 trip
8-9 pm 2.32
8/20/78 11-12 am . 2.81 Reduced absorption tower efficiency due to high ,
12-1 pm 3.29 ' ambient temperature
1-2 pm 3.40
2-3 pm : 3.07
8/22/78 11-12 am 2.88 Reduced absorption tower efficiency due to high
i2-1 pm . 3.23 anbient temperatures
1-2 pm 3.24
2-3 pm 3.00 .
8/24/78 1-2 pm 5.49 Start up followed shutdown due to NOx: COmMPressor
2-3 pm 4,17 trip
3-4 pm 3.74
8/25/78 1-2 pm 4,25 Start up followed shutdown due to mysterious trip
2-3 pm 2.89
3-4 pm 2.46
8/29/78 5~6 pm 3.23 Start up followed shutdown due to electrical power
6-~7 pm 2,63 ' failure
7-8 pm 3.55

a. Increased emissions occur during

start ups due to lag time in establishing required

absorption tower pressure and lowered circulating water temperature. No external
NOX abatement system is used at this acid plant.

b. Pounds of I‘IOx are calculated based on 225 ppm(v) equal to 3 lbs/ton at 100 percent

production rate.

Source: Carville, 1978.
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7.0 FINDINGS AND RECOMMENDATIONS
The primary objective of the report has been to assess the need

for revision of the existing NSPS for nitric acid piants, including

- a review of the NO, standard. The existing opacity standard is di-

rectly related to the NOy standard and is not reviewed separately.

The findings and recommendations developed in this area are presented

below.

7.1 Findings

¢ The best demonstrated NO, control technology used in the
rationale for the original standard, the nonselective
catalytic reduction process, has been largely supplanted
in the last few years by a new control process—-—extended
absorption--due to increasing cost and shortages of the
principal fuel (natural gas) used in the former process.
Based on this overriding consideration it appears that
the NOx control process of choice by the nitric acid
industry for at least the next few years will be the
extended absorption process., ‘

® Both catalytic reduction and extended absorption pro-
cesses can achieve NO; emission control levels below the
1.5 kg/Mg (3 1b/ton) standard, based on NSPS compliance
test results. The average of seven sets of test data
from catalytic reduction controlled plants is 0.22 kg/Mg
(0.44 1b/ton), and the average of six sets of test data
from extended absorption controlled plants is 0.91 kg/Mg
(1.82 1b/ton). Thus,.catalytic reduction appears to be
capable of controlling NOy, emissions to a level approx-
imately four times lower than the extended absorption
process based on NSPS compliance test results. In all
cases, the observed opacity was equal to or less than
the opacity standard.

e Based on available information on the NO, emission con-
trol capability of the extended absorption process. and
_performance guarantees from a principal vendor of this
process, there does not appear to be enough of a safety
factor available in the extended absorption process to
permit any substantial increase in stringency of the
NOy standard at this time.

7-1




e While use of the extended absorption process for
NO, control in new nitric acid plants will not cause
any appreciable economic penalty as compared with the
use of catalytic reduction in meeting the present NO4
NSPS, making the standard more stringent would involve
greatly increased capital costs for the former process
since much larger absorption towers would have to be
incorporated in the new plants in order to meet tighter
performance guarantees. Investment cost for a plant
incorporating the extended absorption process may be
as much as 20 percent greater than that for a nitric
acid plant with a catalytic reduction NO, control unit
installed making the catalytic reduction controlled plant
less capital-intensive.

7.2 Recommendations

At this time it is recommended that no cﬁangé be made in the
NO, NSPS for nitric acid plants. The overriding consideration
leading to this recommendation is that sharply escalating cost and
developing long-term shortages of natural gas —-— the principal fuel
used in the catalytic reduction process for NO, control —--— have
caused the nitric acid industry to switch to the extended absorption
process for NO, control. Approximately 50 percent of nit?ic acid
plants subject to NSPS built in the last &4 years and‘90 percent of
plants to be completed by 1980 will have incorporated the extended
absorption process for NO; control.

It is further recommended that an in-depth EPA study be carried
out to completely define the NO, control capability of the extended

absorption process before any future consideration can be given to

making the current NO, NSPS more stringent.

©
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