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1. Executive Summary 
 
• UHDE Mono Medium Pressure Process, Started 1987, Shutdown 2015 

 
• Design capacity is 550 STPD Nitric Acid on 100% basis. Product concentration is 61%.  

 
• Ran at 605 STPD at shutdown 

 
• Can operate at 110% or 80% (turn-down ratio). 

 
• Plant was shut in October 2015 when adipic acid plant shut. It was initially placed under nitrogen 

blanket, however, in early 2016 it was air-gapped. 
 

• All major spares are available: 8000 HP motor at ISP; spare compressor rotating assembly at Sulzer; 
spare mixed gas filter; blade carrier and various compressor spare parts on site; a spare expander 
does exist and may be included in sale (tbd) 
 

• Status of catalyst: The catalyst has been removed, however, no recovery or rinse operation has been 
performed ever. The owner intends to perform a non-destructive rinse prior to dismantlement of 
the plant. The vanadium pentoxide catalyst in the Ammonia Tail Gas Reactor (R-103) remains in 
place and can be included in the sale – it was replaced approximately 2 years ago and should have 
remaining life. 
 

• No current licenses are required to relocate and re-operate this plant from the owner or UHDE. 
 

• Absorption Towers (T-101A - South Tower) was replaced in 2001, and had repaired in 2002. At that 
time, the plant switched to a highly demineralized water system – installing new cooling towers. No 
issues occurred in the absorption towers since then. 
 

• Cooler Condenser (E-107) was replaced in 2007. 
 

• Staffing: 1 operator for 12 hour shift; 1 control room (split between other plants) 
 

• DCS: ABB Navigation, installed approximately 2004 
 

• It may be possible to increase the capacity by adding more cooling capacity 
 

• 6 Volumes of design data books from UHDE are on-file at the plant; specification sheets and other 
records are stored electronically by owner. 
 

2. Process Description 
The nitric acid plant described in the following is designed to produce 550 short tons per day of 61% by 
weight nitric (100% basis).  The process selected is the UHDE medium pressure process, which operates 
at 65-70 psig.  The system also consists of a BASF selective NOx abator that reduces NOx content in the 
tail gas. 
 
Liquid ammonia entering the plant is vaporized at 88 psig in ammonia evaporator I- (E-101) by 
circulating chilled water and in ammonia evaporator II by warmed cooling water from the cooler 
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condenser (E-107).  Water and oil accumulated in the evaporators are discharged into the ammonia 
stripper (E-103).  The remaining ammonia is stripped from this ammonia/water mixture by steam 
heating in a batch type operation.  The frequency that this is required will depend on the amount of 
water in our ammonia supply.  The residual solution consisting of water, oil and ammonia will be passed 
on to the east conduit on 3rd Street, where it will be treated.  The gaseous ammonia vaporized in the 
ammonia stripper will be sent back to evaporator II.  The vaporized ammonia is then superheated with 
175# steam in the ammonia preheater (E-104).  The ammonia vapor is then filtered in the ammonia 
filter (F-101) before reaching the ammonia/air mixer (M-101). 
 
Atmospheric air is filtered in the air intake filter (F-102) and compressed by the air compressor (C-101) 
to approximately 70 psig.  The compressed air is cooled in tailgas heater I (E-108), from which it leaves in 
two streams, each at a separate temperature.  One stream (primary air) is fed at approximately 235oC 
to the ammonia/air mixer (M-101) and mixed with ammonia vapor from the ammonia filter and heater.  
The other (secondary air) leaves at approximately 90oC from tailgas heater I (E-108), then goes to the 
bleaching tower (T-102). 
 
Air and ammonia gas flow rates are measured by temperature and pressure compensated meters and 
the proper mixture is obtained by ratio controlling the ammonia to the air.  The mixed gas stream is 
filtered in the mixed gas filter (F-103), then enters the ammonia burner (R-101/102), where the 
ammonia oxidation reaction takes place on a platinum/rhodium catalyst gauze. 
 
The 890oC NOx gas from the ammonia burner passes through the waste heat recovery train, which 
consists of the following units: 
 

• Process Gas Cooler (E-105) - (evaporator & superheater coils) 
• Tailgas Heater III (E-110) 
• Economizer (E-106) 
• Tailgas Heater II (E-109) 
• Feedwater Preheaters (E-111 A & B) 

 
As the NO gas is cooled, it is further oxidized to NO2 such that when it reaches the cooler condenser, the 
NOx is over 70% NO2. 
 
H2O condenses and absorbs NO2.  This shifts the equilibrium such that more NO is oxidized to NO2.  The 
heat of reaction heats boiler feedwater in the preheaters and controls how much H2O vapor condenses. 
 
The cooled NOx from the feedwater preheaters which is partly condensed and oxidized to nitrogen 
dioxide, then enters the cooler condenser (E-107) where almost all of the water formed during ammonia 
combustion is condensed as a week acid of approximately 44% weight concentration.  This acid 
condensate is then pumped to a tray of similar concentration in the south absorption tower (T-101A). 
 
The uncondensed NOx gas from the cooler condenser and the secondary air from the bleaching tower 
(T-102) are combined and enter the south absorption tower at the lower part of the oxidation section, 
where oxidation of the NO gas and absorption of the NO2 in water takes place on sieve trays above the 
oxidation stages.  Water-cooled coils, located directly above selected sieve trays, remove the heat of 
reaction and absorption.  NOx gas from the top of the south absorption tower enters the lower part of 
the north absorption tower where further oxidation and absorption takes place also on sieve trays.  The 
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removal of heat in the south absorption tower is mainly carried out by cooling water, whereas the north 
absorption tower and the top section of the south absorption tower are cooled down by circulating 
chilled water, which is chilled by the vaporization of ammonia in ammonia evaporator I. 
 
Demineralized water from the process water tank (D-106) is pumped under flow control to the top tray 
in the north absorption tower.  The top two trays of the north absorption tower are also equipped with 
chilled cooling coil layers.  The acid produced in the north absorption tower is approximately 7.5% wt. 
concentration and is pumped under level control to the top tray of the south absorption tower. 
 
Acid from the bottom of the south absorption tower is pumped to the bleaching tower (T-102), where 
the raw acid is contacted on packing rings in the counterflow with secondary air from tailgas heater I.  
The hot air strips dissolved gas from the raw acid.  Final acid at 61% wt.  Concentration is transferred to 
nitric acid storage by pressure from the bleaching tower. 
 
Tailgas leaving the top section of the north absorption column contains approximately 700 ppm NO and 
NO2, which have not been absorbed.  The tailgas is fed through tailgas heater I, where it is heated first 
by means of compressed air from the air compressor (C-101) and secondly in tailgas heaters II and III by 
means of NOx gas from the process gas cooler (E-105) to the temperature required by the NOx catalytic 
tailgas treatment.  Prior to entering the tailgas reactor (R-103), an ammonia vapor is introduced into the 
stream of tailgas before the three ammonia tailgas mixers. 
 
In the tailgas reactor (R-103), the NOx content (NO + NO2) is reduced by the reaction of ammonia with 
nitric oxides in the presence of a vanadium catalyst to a concentration of less than 170 ppm NOx.  The 
reaction itself is exothermic and the tailgas temperature difference inlet/outlet the ammonia tailgas 
reactor is approximately 7oC. 
 
Tailgas from the ammonia tailgas reactor passes through the tailgas turbine (Y-101) and is then directly 
discharged to the atmosphere through a stack. 
 
The tails gas turbine generates about one-half of the energy required for the air compressor.  The 
remainder of the energy required is supplied by a high voltage 8000 hp electric motor. 
 
3. Consumption Data 
 

• NOx Emissions (ppm): 80-90 ppm  avg. at max rate 
 

• Platinum consumption per ton of nitric acid: See document titled Platinum vs HNO3 Prod  
 

• Steam export (pounds per hour): Average 65 mpph 
 

• Cooling water consumption (gallons per ton of nitric acid): N/A plant used demin for cooling 
 

• Demin water (gallons per ton of nitric acid): Total Demin (13mpph Process + 82mpph 
Boiler)   95mpph per 77mpph HNO3 produced 

• Electrical consumption (kw per hour): 4005 kWh/h  Thermal efficiency 84.5%  Mechanical 
efficiency 99%  
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• Ammonia consumption (per ton of nitric acid): .284 ton of NH3 per 1 ton of HNO3 
 

Request actual production records (winter and summer) 
 
4. Major Equipment  
 
A. Ammonia Evaporator I (E-101) – The Ammonia Evaporator I is a horizontal shell and tube heat 

exchanger for vaporizing of ammonia.  The ammonia is vaporized by a closed loop system of chilled 
cooling water.  The water is circulated through the chilled cooling water pump up to the absorber 
towers where the water is heated by the absorption process and then sent back to the ammonia 
evaporator where the heat is used in the vaporization of ammonia.  This evaporator level is 
controlled by a non-adjustable overflow loop or by 2 manual valves directly under it.  This ammonia 
then enters Evaporator II. 

 
B. Ammonia Evaporator II (E-102) – Ammonia Evaporator II is also a horizontal shell and tube heat 

exchanger that is used for vaporization of ammonia.  The difference between Evaporator II and 
Evaporator I is that Evaporator II uses cooling water (fresh water) on the tube side for a heat source 
versus “chilled water” (demineralized water make-up) on Evaporator I.  The cooling water comes 
from the cooler condenser to the evaporator.  This evaporator is level controlled. 

 
C. Ammonia Stripper (E-103) – Ammonia stripper is a heat exchanger that uses 175# steam to strip the 

remaining ammonia out of the waste residual solution in the bottom of the evaporators.  It is a 
batch process that returns the ammonia gas to Ammonia Evaporator II and sends the waste to the 
ammonia separator then to the east conduit. 

 
D. Ammonia Preheater (E-104) – The Ammonia Preheater is used for the super heating of ammonia 

vapor by the use of 175# steam.  This assures that no liquid ammonia reaches the gauze. 
 

E. Ammonia Gas Filter (F-101) – The Ammonia Gas Filter removes impurities from the superheated 
ammonia gas stream.  The ammonia enters the shell of the filter and is then forced by pressure 
through ceramic candles, which will filter out any impurities before letting the ammonia pass 
through. 

 
F. (MT-101) – Shown on PFD, not listed. 

 
G. (E-116) – Shown on PFD, not listed. 

 
H. Air Intake Filter (F-102) – Shown on PFD, not listed. 

 
I. Air Compressor (C-101) – The air compressor is a fourteen stage axial design by Sulzer.  The machine 

is capable of producing 3.1MM SCFH of air at 70 psig discharge pressure. 
 

J. Compressor Motor (MC-101) – The compressor motor is an 8000 horsepower Electric Machinery 
designed electric induction motor.  The motor has a speed of 1800 rpm that is increased by a 
gearbox to 8000 rpm to drive the air compressor.  In normal operation the motor will supply 
approximately 1/2 of the power required by the compressor. 
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K. Tailgas Turbine (Y-101) – The tailgas turbine is a part of the power train that helps reduce the 
overall cost of operating the unit.  The tailgas turbine is driven by tailgas exiting the tailgas reactor 
thus allowing the electric motor on the other end of the power train to reduce its current demand.  
The tailgas turbine and the electric compressor motor will each provide about 1/2 of the total 
power requirements of the air compressor. 
 

L. Tailgas Heater I (E-108) – Tails gas heater I is a heat exchanger that has tails gas on the tube side 
and compressor discharge air on the shell side.  The purpose of tails gas heater is to preheat the 
tailgas prior to sending to the tailgas reactor and to cool down the air as it comes off of the 
compressor. 

 
M. Ammonia/Air Mixer (M-101) – Shown on PFD, not listed. 

 
N. Mixed Gas Filter (F-103) – At this time there are no elements in the filter. The mixed gas filter is the 

final effort at preventing any contaminants from getting through and fouling the catalyst.  This filter 
also uses the ceramic candles as in the ammonia filter.  The ceramic candles prevent premature 
converter catalyst dirtiness by rust, iron dust, etc., from the pipelines and air.  
 

O. Ammonia Burner (R-101) – The Ammonia Burner sits on top of the process gas cooler and houses 
the catalyst basket.  The Ammonia Burner is where the ammonia air mixture is reacted on the 
Platinum catalyst. 

 
P. Catalyst Basket (R-102) – The catalyst basket is located within the ammonia burner.  In the catalyst 

basket there is a ceramic bed covered with a wire mesh that the catalyst lays on. 
 

Q. Ammonia Tailgas Reactor (R-103) – The Ammonia Tailgas reactor lowers the Nox concentration 
from 700 ppm to 170 ppm by reacting ammonia with the tailgas over a vanadium pentoxide 
catalyst.  The reaction is mildly exothermic. 

 
R. (M-102 A/B/C) – Shown on PFD, not listed. 

 
S. Process Gas Cooler (E-105) – The Process Gas Cooler is a waste heat boiler that is the main heat 

sink for the heat of reaction of ammonia and air.  The tube section of the process gas cooler is 
located just below the catalyst bed and it consists of 28 evaporator coils and three super heater 
coils.  The process gas cooler is used to remove heat from the process gas before it is sent to the 
absorption process.  This heat is used to produce 550# super-heated steam.  The water and steam 
in the evaporators and super heater lower the temperature of the process gas from 890oC to about 
310oC. The proper gasket type for the sight glasses on the cooler head are G50B, 1/8” thick. It has 
its original carbon steel tubes. 
 

T. Feed Water/Deaerator (D-102) – The feed water/deaerator is called a spray tray deaerator and 
designed by the Belco Pollution Control Corporation.  The unit is designed to remove the oxygen in 
the water to 0 to 0.005 ml. per liter and to reduce any free carbon dioxide by scrubbing with steam 
and adding Methoxypropilamine (BL1557).  The unit has three main functions, which are to remove 
non-condensable gases, to heat feed water, and to store feed water and return condensate at its 
boiling point for immediate boiler demand. 
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U. Tailgas Heater II & III (E-109 & E-110) – Both tailgas heaters 2 and 3 are heat exchangers that have 
process gas on the tube side and tailgas on the shell side.  In both cases the tailgas is being heated 
up and the process gas is being cooled down. Both have their original 304L Stainless Steel tubes. 

 
V. Economizer (E-106) – The Economizer is another heat exchanger used to remove heat from the 

process gas.  The Economizer makes the use of this heat by preheating the deaerated feed water to 
the steam drum.  The process gas is on the shell side with the feed water being on the tube side. E-
106 has its original 304L Stainless Steel tubes. 

 
W. (E-117) – Shown on PFD, not listed. 

 
X. Steam Drum (D-101) – the steam drum is a horizontal vessel for producing 550# steam for export 

into the plant header.  The pressure of the steam drum will be maintained in excess of 600#.  The 
steam drum also separates the saturated steam from the recirculating water. 

 
Y. (D-103) – Shown on PFD, not listed. 

 
Z. (D-104) – Shown on PFD, not listed. 

 
AA. Chilled Water Head Tank (D-108) – The chilled water head tank is a 2’-4” diameter by 4’ high 

vertical storage tank located at the top of the south absorber tower.  The tank is used to maintain a 
level in the chilled water system by having demineralized water added to the system by an 
automatic level control. 

 
BB. (D-109 A/B) – Shown on PFD, not listed. 

 
CC. Cooler Condenser (E-107) – The cooler condenser is a heat exchanger with process gas on the shell 

side and cooling water on the tube side.  The process gas is cooled down so that the water vapor 
will condense and start absorbing NO2.  Condensate formed in the Cooler Condenser is 
approximately 43% HNO3 and is pumped to one of four trays on the South Absorber Tower.  The 
cooling water carries the heat from the cooler condenser to ammonia evaporator II to vaporize 
NH3. Built 2007, 304 Stainless Steel, 110,000 lbs. 

 
DD. Feedwater Preheaters A & B (E-111A & B) – The feedwater preheaters are heat exchangers located 

on top of the cooler condenser where process gas is passing through the tube side and feed water 
for the steam system is passing through the shell side.  This is the first step in the preheating 
process of the feed water to the steam system.  Process gas is cooled to just above the dew point 
prior to entering the cooler condenser. Both have 304L Stainless Steel tubes, which have been 
replaced. 

 
EE. (D-105) – Shown on PFD, not listed. 

 
FF. Bleacher Tower (T-102) – The bleacher tower is a vertical vessel that is packed with stainless steel 

pall rings.  In this tower the acid is contacted with a counter flow secondary air from tailgas heater 
1.  The hot air eliminates dissolved Nox from the raw acid and thus minimizes fuming of the stored 
acid. 
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GG. Absorption Towers (T-101A & B) – The Absorption Towers are composed of 53 sieve trays with 32 
being in T-101A and 21 in T-101B.  The absorbers are cooled with two types of water.  T-101A which 
is the south one is cooled with chilled water on 4 of the top 7 trays and with cooling water on the 
bottom 25 trays.  T-101B (North Absorber) has chilled cooling water on 10 of its 21 trays.  Process 
water (demin. Water) is fed to the top tray of T-101B.  When the acid leaves that tower, it is about 
7% nitric.  This “Transfer Acid” is pumped up to the top of T-101A where the absorption is finished 
up at 61% nitric acid.  The two absorption towers are operated in series. 
 
T-101A (South): Built 2001, 165’ H x 14’7” D, 32 trays, 304 Stainless Steel, 434,465 lbs 
T-101B (North): Built 1987, 142’ H x 14’7” D, 21 trays, 304 Stainless Steel, 286,600 lbs 

 
HH. (D-107) – Shown on PFD, not listed. 

 
II. (D-106) – Shown on PFD, not listed. 

 
JJ. Lube Oil System (D-111) – The lube oil system is a skid mounted unit consisting of an oil reservoir, 

two oil pumps, two water cooled coolers, two oil filters, and an oil pressure control system for the 
electric compressor motor, compressor, and tailgas turbine.  One pump, cooler, and filter will 
normally be in operation with the second units as installed spares. 

 
KK. Separator for Tailgas (D-113) – The tailgas separator is a 28” diameter horizontal   vessel located in 

the tailgas line off the absorber just before the tailsgas enters Tailsgas Heater I There are catch 
plates located within the separator that catch any remaining droplets of acid and return them to the 
drip acid tank. 

 
LL. Overhead Oil Storage Tank (D-114) – The overhead oil storage tank is a horizontal vessel located 

high on south wall outside of the compressor building.  It is designed to supply oil to the bearings of 
the power train in the event of a power failure or no back-up electric oil pump.  The tank is designed 
to have enough oil for the power train to coast down without damage. 

 
MM. Cooling Water Strainer (F-105) – The Cooling Water Strainer is a dual basket strainer located in 

the suction line to the cooling water booster pump.  The strainer is used to filter out any foreign 
matter that might be in the cooling water supply.  The strainer is designed so that one basket can be 
taken out of service for cleaning and the other can be left on without having to take a total outage. 

 
NN. East and West Steam Drum Circulating Pumps (P-103A & B) – The circulation pumps are used to 

maintain a circulation flow through the process gas cooler so as to keep the tubes in the process 
gas cooler cool. 

 
OO. East and West Feed Water Pumps [Sundyne] (P-104A & B) – The high pressure feed water pumps 

are used to feed the economizer which feeds the steam drum. 


