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Anhydrous ammonia is a chemical 
compound of nitrogen and hydrogen. At 
atmospheric pressure it is a gas with a 
density just over half that of air. It liquefies 
at modest pressures.

Terra supplies anhydrous ammonia in 
three grades; commercial, refrigeration 
and metallurgical (see Table 1, below). 
Commercial grade anhydrous ammonia is 
the most commonly used and is suitable 
for most applications. Refrigeration and 
metallurgical grades are products 
manufactured for applications requiring 
higher purity. All grades are available from 
Terra. Ammonia can be delivered as liquid 
by pipeline, tank truck, railcar or barge, 
depending on the facility at which it is 
manufactured. Ammonia production 
facilities are located in Courtright, Ontario; 
Port Neal, Iowa; Woodward and Verdigris, 
Oklahoma; Yazoo City, Mississippi; and 
Trinidad & Tobago.

If you use anhydrous ammonia in bulk, 
consult your Terra sales representative for 
technical advice on the product and its 
safe storage, handling and use. Terra 
offers you help with ammonia handling 
practices such as system design and 
installation, operational procedures, 
employee training, and environmental, 
health and safety requirements, including 
emergency response procedures.

Table 1: Anhydrous Ammonia Specifications

Commercial Refrigeration Metallurgical

Water content  <5,000 ppm 75 ppm maximum 33 ppm maximum

Oil content <5 ppm 4 ppm maximum 2 ppm maximum

Introduction

Ammonia Molecular Weight: 17.03

Ammonia Formula: NH3

Anydrous Ammonia
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Applications and Properties of Anhydrous Ammonia

Applications Properties
Physical
Properties

Anhydrous ammonia has a wide 
range of industrial applications. It 
is used:
• To manufacture nitrogen 

fertilizers.
• To remove nitrogen oxides 

from flue gases.
• To manufacture explosives.
• To manufacture dyes and 

man-made fibers.
• As a chemical reagent, for 

example, to form amines and 
ammonium compounds.

• To nitride special steels.
• To prevent flue-duct, 

economizer and air heater 
corrosion in oil refineries.

• To prevent acid smut emission 
from oil-fired boilers.

• To neutralize acid effluents.
• As a preservative in rubber 

latex.
• As a non-ionizing solvent for 

many chemical compounds.
• As a refrigerant.

Anhydrous ammonia is a colorless 
gas with a very pungent odor. It is 
lighter than air at ambient 
temperature (68°F). Anhydrous 
ammonia can be liquefied at ambient 
temperature under moderate 
pressure (approximately 8.5 atm.) 
and is typically stored and 
transported as a liquid. Table 2 
(Pages 4-7) gives the physical 
properties of saturated ammonia 
vapor and liquid in the temperature 
range - 60°F to +30°F and Table 3 
(Pages 8-9) shows the properties of 
superheated ammonia. 
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Table 2. Properties of Saturated Ammonia
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                Table 2. Properties of Saturated Ammonia (continued)
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Properties of Anhydrous Ammonia

3V is specific volume, Ft /Lb.

H is enthalpy, Btu/Lb.

S is entropy, Btu/Lb.-°F
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Chemical
Properties

Physio-
logical
Properties

Ammonia gas is highly soluble in 
water with a heat of solution of 900 
Btu/lb. Liquid ammonia is 
completely miscible in water with a 
heat of dilution of 340 Btu/lb. 
Removal of the heat of solution by 
means of a cooling surface (such 
as a shell and tube heat 
exchanger) permits up to a 25% 
ammonia/water solution by weight 
to be made at atmospheric 
pressure.

Ammonia is flammable in air at 
concentrations of between 15.5 and 
27 percent by volume; increases in 
pressure or temperature expand 
this range slightly. Explosions can 
occur with flammable mixtures 
confined in vessels or enclosed 
spaces.

Ammonia is a moderately strong 
alkali, which reacts with strong 
acids and acid gases to form 
ammonium salts. Given the heat of 
neutralization (about 1,300 Btu/lb.) 
the reaction is particularly vigorous 
with concentrated strong acids.

Rubber-based compounds and 
some plastics are susceptible to 
attack and degradation by liquid 
and gaseous ammonia. Teflon and 
EPDM (ethylene-propylene resin) 
materials are recommended for 
ammonia storage, transportation 
and application equipment. 

Ammonia is an alkali with a strong 
affinity for water and prolonged 
exposure will result in irritation of 
the eyes, skin and mucus 
membrane linings of the nasal 
passages, airways and lungs.

Ammonia concentrations less than 
25 ppm in air are not harmful, but 

may result in some of the irritant 
effects described. Exposure to high 
concentrations may result in bronchitis 
or permanent damage to the lungs and 
mucus membranes. Toxicity effects are 
not cumulative.

Ammonia can be detected by smell at 
concentrations of less that 10ppm.

Occupational Exposure Limits for 
ammonia have been established by 
NIOSH (the National Institute of 
Occupational Safety and Health), 
ACGIA (the American Conference of 
Government Industrial Hygienists), and 
OSHA (the Occupational Safety and 
Health Administration). They are:
• NIOSH recommended exposure 

limit (REL) (8 hour TWA reference 
period) - 25 ppm.

• ACGIH short term exposure limit 
(STEL) (15 minute TWA reference 
period) - 35 ppm.

• OSHA permissible exposure limit 
(PEL) (8 hour TWA reference 
period) - 50 ppm.

In addition, NIOSH has set the IDLH 
(immediately dangerous to life and 
health) concentration for ammonia at 
300 ppm. This very conservative limit 
includes a significant safety factor and 
is intended to be protective of the most 
sensitive populations.

Concentrations between 150 and 400 
ppm will cause irritation and discomfort 
of the mucus membranes and the 
eyes, but usually with no lasting 
consequences. Exposure to 
concentrations above 1,500 ppm will 
damage or destroy tissue, and 
exposure to 2,500 ppm and higher 
increases the risk of fatality (see Table 
4, Page 11).
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Storage Installations
Liquid ammonia has a dew point 
temperature, at atmospheric 
pressure, below - 28°F and if 
splashed on the skin will cause 
burns. The severity of burning will 
depend on the amount of liquid 
involved. One or two drops will 
have only local freezing effect 
lasting for a minute or two. Flooding 
will cause first-degree burns and 
almost certainly remove the 
exposed skin. Even the smallest 
liquid splash in the eyes can 
result in permanent injury.

The following guidelines 
constitute the minimum siting 
standards and are in no way 
intended to override more 
stringent requirements of federal, 
state or local regulations.

Ammonia storage installations 
must be sited within a secure 
boundary. The immediate 
surroundings of the tank must be 
off limits to all unauthorized 

persons, and a physical barrier is 
required. Installations are best sited 
outdoors, away from occupied 
buildings and workspaces. Siting of 
ammonia tanks indoors is not 
recommended. However, if tanks are 
sited indoors they must be totally 
isolated from any occupied building 
or workspace; the tank house must 
be provided with separate high level 
ventilation and any vents from the 
installation  must lead to the open air. 
Delivery tanker off-loading should be 
carried out in the open air, in a space 
away from normal traffic and where 
occupied buildings are not affected.

Ammonia storage installations and 
unloading areas must be a 
reasonable distance from dwellings 
and places of public assembly. 
Emergency response and fire 
services should be informed of the 
location and expected date of 
equipment commissioning.

Table 4. Exposure Limits and Effects of Ammonia Vapor at Increasing Concentrations in Air
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System layout should protect the 
tank and all prime valves from 
accidental damage. Crash 
barriers or similar protective 
devices may be necessary. Ease 
of access by delivery or 
emergency response vehicles, 
regardless of wind direction, 
should be considered. The design 
should also provide adequate 
space for maintenance and 
worker egress from the area 
during emergencies. Self-
contained breathing apparatuses 
and a safety shower with an eye 
wash station should be readily 
available.

An adequate water supply must 
be provided for use in 
emergencies and as a precaution 
during off-loading. Fixed spray 
systems (fire monitors) with hoses 
equipped with spray/jet nozzles 
are recommended. Ammonia 
vapor concentrations between 
15.5 and 27 percent in air are 
considered flammable.

Ammonia will not normally attack 
steel, but in the presence of 
oxygen can result in stress 
corrosion cracking. This risk can 
be minimized by selecting suitable 
steels for constructing vessels 
and pipes, thermally stress 
relieving these metals during 
fabrication and purging ammonia 
systems of air prior to 
commissioning.

The most commonly used 
construction material in ammonia 
installations is carbon steel. 
Adequate low temperature 
ductility and an acceptable 

resistance to stress corrosion 
cracking can be obtained by 
selecting steels containing less than 
0.25% carbon and with an actual 
ultimate tensile strength less than 
72,000 psi.

At elevated temperatures (>750°F) 
vessel nitriding is a problem with all 
carbon steels and the only suitable 
materials are nickel chrome alloys. 
Copper and its alloys, and 
galvanized, zinc and cadmium 
plating are readily attacked and must 
not be used in ammonia systems.

As a minimum requirement, pressure 
vessels must be designed to ANSI 

1
K61.1 . Vessels must be subjected to 
100% radiography of the main seams 
and must be thermally stress relieved 
when welding is completed. All piping 
should conform to ANSI/ASME 
B31.3.

The number of openings into the 
pressure vessel should be kept to a 
minimum. The manhole should be 
located on top of the vessel. A line 
diagram of a typical ammonia 
pressure storage vessel is given in 
Figure 1, Page 13.

All ammonia tanks must be fitted with 
at lease one serviceable level 
indicator or contents gauge. 
“Sightglass” gauges, where the glass 
is exposed to ammonia, are not 
recommended.

Ammonia distribution systems should 
be kept outdoors, away from areas 
where accidental damage is likely, 

1 American national Standard Safety Requirements
  for the Storage and Handling of Anhydrous
  Ammonia.

Safe
System
Design



Anydrous Ammonia Storage Installations

Terra Industries Inc. Ammonia and Ammonia Solution13

but accessible for maintenance. 
Where a factory roadway has to 
be crossed, a pipebridge is 
preferable to a duct. The 
ammonia transfer piping should 
conform to ASME B31.3.

Ammonia feeds to reaction 
vessels or mixing chambers must 
allow for a safe and controlled 
rate of transfer, which prevents 
directional changes in flow. Given 
the high solubility of ammonia 
vapors into water, the vacuum 
collapse of vessels is possible. 
Safety relief valves should be 
provided to prevent the 
overpressure to piping systems 
caused by thermal expansion.

A comprehensive external 
inspection of the ammonia 
installation and distribution 
system should be completed 
annually. Particular attention to 
corrosion, minor gland or joint 
leaks, the completeness of the 

system, and its associated safety 
and emergency equipment is 
required. The minimum inspection 
requirements are specified in ANSI 
K61.1.

Terra recommends an internal tank 
inspection be performed within three 
years of commissioning to establish 
a baseline for future inspections. 
Subsequent inspections should be 
conducted at intervals within 5 years 
and in no case longer than 10 years. 
A wet florescent magnetic particle 
examination should be carried out 
covering 100% of the main internal 
welded seams, including “T” 
junctions and internal nozzle welds. 
Ultrasonic thickness testing of shell 
plating and branches is 
recommended if external corrosion is 
detected. Routine replacement of 
gland packings, joint rings, flange 
bolts, etc. should be undertaken to 
ensure the inspection covers the 
complete installation.

System
Mainten-
ance

Figure 1. A Typical Pressure Storage Installaion
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Pressure relief valves are usually 
set in the range of 230-250 psig. 
Terra recommends that vessel 
relief valves be tested by a 
certified repair shop every 4 
years. 

All maintenance operations 
carried out on an ammonia 
installation must be subject to 
some form of “safe work permit” 
system. This must take into 
account the nature of the work 
and the potential hazard. Burning 
or welding operations constitute 
an explosion hazard in piping and 
vessels if they have not been 
completely and properly purged.
Hazards arise from the 
uncontrolled mixing of anhydrous 
ammonia with mutually reactive 
materials or from leaks of 
ammonia gas or liquid to the 
atmosphere. Such occurrences 
are usually the result of improper 
operation or the failure of some 
part of an installation; they can be 
avoided by rigidly adhering to a 
comprehensive operating and 
maintenance plan. With a soundly 
designed and correctly 
maintained and operated system, 
there is virtually no possibility of a
major leak occurring except as a 
result of external accident. A leak 
is more likely to occur during 
maintenance operations or when 
an ammonia delivery is taking 
place. (See also Safe Operation, 
right, and Emergency Procedures, 
Page 15.)
Maximum safety is achieved by 
adequately training all operators 

and strictly adhering to standard 
operating and maintenance 
procedures. Procedures for clearing 
and purging equipment and piping 
systems are especially important. To 
achieve the optimum response to an 
unforeseen emergency, training 
should aim to familiarize operators 
with the product, plant and process.

A  HAZMAT team of specially 
selected and trained employees 
should be available to respond to any 
emergency. Procedures should 
include the use of audible and visual 
alarms, local emergency services 
and community notification systems. 
These should all be included in a 
detailed emergency response plan. 
Adequate high-level ventilation must 
be provided when ammonia is piped 
through an enclosed area. There 
must be two unimpeded points of 
egress from these workspaces with 
appropriate Personal Protective 
Equipment (PPE) available. When 
and where practical, ammonia 
distribution systems should avoid 
enclosed workspaces. 

Terra reserves the right to refuse 
product delivery to facilities not 
meeting applicable standards.

Hazards

Safety
Equipment
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If there is a risk that ammonia 
may be released, during 
maintenance work, for example, 
proper PPE must be used. The 
equipment required will vary from 
splash goggles and gloves to full 
protective closing and Self 
Contained Breathing Apparatuses 
(SCBA). Employee training in the 
proper use of this equipment is 
essential to maintain a safe and 
productive operation.

Fire hydrants or an adequate 
water supply should be located no 
more than 100 feet from ammonia 
storage tanks. Safety showers 
and eye wash stations must be 
provided at all bulk ammonia 
installations and close to the 
unloading area. Eyewash stations 
using bottles should be checked 
regularly and the solution 
changed at specified intervals. 
Appropriate fire extinguishers 
should be installed around the 
storage tank.

Emergency situations occur when 
the unexpected happens. 
Employee development and full 
understanding of the site 
emergency response plan is 
critical to successfully managing 
any chemical event. A trained, 
active and involved HAZMAT 
team is key to effectively handling 
emergency situations.

Refer to Terra’s Material Safety 
Data Sheet, available on our web 
site at www.terraindustries.com.

Emergency
Procedures

First Aid

Ref 2: Chemical Engineers’ Handbook, B.H.
Perry & C.H. Chilton, McGraw Hill Ltd.
(ISBN 0,07,049478,9)

Ref 3: Bureau of Standards Circular No. 142,
Tables of Thermodynamic Properties of
Ammonia, 1st Edition, April 16, 1923
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Introduction

NSF®

Certified to
NSF / ANSI 61

Ammonia Solution

(Aqua Ammonia)

Terra ammonia solution (also called 
aqueous ammonia or ammonium 
hydroxide) is a solution of ammonia 
in pure water.

Terra supplies ammonia solution in 
bulk by tanker truck or railcar.

Terra’s aqueous ammonia products 
are of the highest quality, made with 
ammonia and demineralized water or 
equivalent at six world-class 
production facilities located 
throughout North America. Reliability 
of supply goes hand-in-hand with 
seasoned technical know-how 
founded on over 35 years’ of 
progressive, ammonia manufacturing 
and distribution experience. These 
attributes allow Terra to offer our 
customers a wide range of services 
including but not limited to, 
equipment design and installation, 
employee HAZMAT training,  
environmental and process safety 
reviews, equipment maintenance and 
inspection programs and 
development of operating and 
emergency response procedures. 

Terra can supply aqueous ammonia 
certified to NSF Standard 60. If your 
application calls for this grade of 
product, contact your Terra Sales 
representative to discuss supply 
options.

Table 1A. Ammonia Solution Specifications
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Applications

Product Specifications

Properties
Terra ammonia solution has a 
wide range of industrial uses, 
including:

• As a chemical intermediate for 
the manufacture of ammonia 
salts, amines, pharmaceuticals, 
explosives and catalysts.

• As a reducing agent in 
SCR/SNCR processes.

• As a solvent for copper in the 
etching of printed circuits.

• As a nutrient for fermentation 
processes.

• As a nutrient for effluent 
treatment.

• As a neutralizing agent and for 
pH control.

• As a water softener for textile 
finishing.

• As a developer in some 
reprographic processes.

Terra provides full technical 
service support, including advice 
on safe handling, to our 
customers.

There are two grades of Terra 
aqua ammonia available, 
commercial and agricultural.

Slight variations from the 
specified strength may occur (+/-
0.5% w/w) depending on ambient 
temperature and storage 
conditions at time of delivery.

Terra aqua ammonia is typically 
available in concentrations not less 
than 10% and not more than 35% 
ammonia, with specific gravities 
ranging from 0.0957 to 0.880 at 60°F. 
Aqua ammonia concentrations as 
high as 50% (specific gravity of  
0.825 at 60°F)  may be provided for 
certain applications.  Terra aqua 
ammonia is a solution of ammonia in 
water. It is a clear, colorless liquid 
with the characteristic pungent odor 
of ammonia.

Ammonia vapor may evolve from 
ammonia solution and is a colorless 
gas with a density just over  half of 
that of air. The rate of vaporization 
depends on, and increases with, 
temperature and solution 
concentration (see Figure 1A, Page 
19). Ammonia vapor is flammable at 
concentrations between 15.5% and 
27% by volume in air. Care must be 
taken during design, maintenance 
and operations to ensure flammable 
mixtures cannot and do not form in 
confined spaces.

Specific gravities of ammonia 
solutions are provided in Table 2A 
(Page 18) with standard testing 
methodologies furnished in Table 3A 
(Page 19). Freezing point and boiling 
point variations according to 
concentration are shown in Figures 
2A and 3A (Page 20).

Aqua ammonia is a moderately 
strong alkali, which will react with 
acids or acid gases to form 
ammonium salts. There is a 
considerable heat of neutralization 
(about 430 Btu/lb. of 35% solution) 
and therefore a violent reaction with 
concentrated strong acids can be 

Physical
Properties
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Properties of Ammonia Solution

expected with some ammonia 
vaporization probable.

Aqua ammonia dissolves many 
metallic oxides and hydroxides, 
as well as many water insoluble 
salts and will react with many 

organic and inorganic compounds. 
These properties should be 
considered when determining 
storage and transportation 
arrangements
(continued on Page 21)

Table 2A. Specific Gravity of Aqueous Solutions of Ammonia
This table applies to ammonia Solutions at 60°F (15.5°C)
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Table 3A. Correction for a Measured Specific Gravity - for Sample Temperature

1 Measure the specific gravity and temperature
of the sample.

2 Find the temperature difference, above or below, 60°F.
3 Multiply the temperature difference by the correction

factor appropriate to the measured specific gravity
listed in Table 3A.

4 If the temperature of the sample is higher than 60°F,
add the product  (from Step 3) to the measured specific 
gravity. If the sample temperature is below 60°F, subtract
the product from the measured specific gravity.

Figure 1A. Total Vapor Pressure of Ammonia Solutions (% NH  W/W)3
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Figure 2A.
Freezing Point
of Aqueous
Ammonia
Solutions

Figure 3A.
Atmospheric
Boiling Point
for Aqueous
Ammonia
Solutions

Total vapor
pressue
1.013 bar
absolute
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Bulk Deliveries
Physio-
logical
Properties

Copper, zinc, cadmium and all of 
their alloys are readily attacked by 
ammonia solution. Reaction with 
halogens, hypochlorites, mercury, 
nitric acid and some organic 
compounds may form unstable or 
explosive compounds. Certain 
metallic oxides, notably silver, 
mercury and cadmium, can form 
unstable nitrides or azides, which 
are explosive upon drying.
Ammonia is an alkali with a strong 
affinity for water. It is an irritant to 
eyes, skin and mucus membranes 
such as the linings of the nasal 
passages, airways and lungs 
(refer to Table 4, Page 11 for 
exposure limits and effects).

Terra aqua ammonia is available 
in concentrations up to 35.0% 
ammonia and can be diluted by 
customers with demineralized 
water or equivalent.

A dilution calculation appears in 
Table 4A, below.

Table 4A. Calculation of Dilution 
Water for Storage at Lower 
Strength than Received.

Calculation:

P = pounds of dilution water 
required

G = gallons of dilution water 
required

P = [(% Delivered/ % Desired)-1] 
x (Pounds Delivered)= 
Pounds of Dilution Water

G = pounds of Dilution Water/8.33

Bulk deliveries are made in general 
purpose tank trucks or railcars. Tank 
trucks have stainless steel tanks 
protected with relief valves and are 
equipped with pumps. Unloading is 
accomplished through a tank bottom 
connection and a length of flexible 
hose, usually 20 feet long.

Tankers vary in physical dimensions, 
but will be within the following 
general specifications:

• Gross weight: 40 tons
• Capacity: 25 tons
• Length: 42 feet
• Width: 8 feet
• Turning circle: 180 feet
• Overhead clearance: 13 feet

Receiving locations should be sited 
outdoors with adequate road access 
for trucks. The unloading line should 
be a 3” or 4” pipe terminating with a 
block valve and OPW fitting for 
connection to the truck. This line 
should be capped when not in use as 
an added safety precaution in 
preventing storage tank back 
siphoning.

Tankers are off-loaded by the driver 
in coordination with the customer’s 
staff. A customer employee familiar 
with site equipment installations and 
related unloading and safety 
procedures must be present to 
supervise the off-loading activity.

Terra reserves the right to refuse 
deliveries into sites that do not meet 
agreed upon standards.
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Bulk Storage
Tank
Siting

Pumps

Construc-
tion
Materials

Storage
Tank
Design

The unloading procedures will 
depend on the strength of the 
delivered aqua solution and the 
design of the customer’s 
installation. Terra will assist in 
customer installation design and 
unloading procedures.

Bulk storage installations and 
unloading areas for aqua 
ammonia should be sited 
outdoors and away from enclosed 
spaces. If an installation is 
indoors the tank vent, overflow, 
and delivery connections should 
be piped to the outside and the 
room isolated and equipped with 
high-level ventilation. Tank 
containment equal to 100% tank 
volume is required, regardless of 
tank location

Carbon, steel, aluminum or 
stainless steel may be used for 
storing and handling aqua 
ammonia. If high purity is a 
requirement, these materials 
should be restricted to stainless 
steel and aluminum, or as an 
alternative, lined tanks. Carbon 
steel is the most commonly used 
material for aqua ammonia 
storage. Due to mill scale and rust 
found on carbon steel, initial 
passivation of carbon steel tanks 
is recommended.

Aqua ammonia solutions stronger 
than 19% should be stored in 
closed tanks to prevent loss of 
ammonia to the atmosphere and 
to prevent the absorption of 
atmospheric carbon dioxide. 
These tanks are typically low 
pressure bullets designed to 
ASME Section 8, Division 1 Code 

for working pressures of 30 psig or 
greater. The recommended 
construction material is usually 
carbon steel. Unloading facilities for 
pressure storage should include 
vapor return piping to carry ammonia 
vapor displaced during the off-
loading operation back to the tank 
truck. Since stronger ammonia 
solutions are capable of developing 
modest  positive vapor pressures 
during warm weather, pressure 
bullets must be equipped with 
suitable relief valves set in 
accordance with the design pressure 
of the vessel. A vacuum relief valve 
should also be provided since the 
vapor pressure can fluctuate below 
atmospheric pressure depending on 
ambient temperature. Product 
transfer from the tanker to the 
pressure storage bullet should use 
either tanker or customer’s off-
loading pump.

Storage tanks for concentrations up 
to 19% by weight can be 
atmospheric tanks fabricated to API-
650 Code. There will be low level 
ammonia emissions from 
atmospheric tanks during tanker 
unloading.

Centrifugal pumps with mechanical 
seals having all wetted parts made
from iron, carbon steel or stainless 
steel are recommended. Pumps in 
critical service should be heavy duty, 
industrial service pumps intended for 
continuous operation. Reliable seal-
less magnetic drive pumps are also 
available for this service. Piping 
layouts should ensure sufficient 
NPSH to avoid pump cavitations and 
product flashing. 
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Safe Handling
Proper facility design and 
installation coupled with adequate 
maintenance and operating 
procedures are essential for safe, 
reliable and productive 
operations. Employee training 
must ensure familiarity with the 
product, plant and process. 
HAZMAT team training and 
complete emergency response 
procedures will provide the 
required competency to manage 
these products safely. Please 
contact the Terra sales 
department or refer to the product 
MSDS for further information.



Ammonia Solution Installations

Terra Industries Inc. Ammonia and Ammonia Solution24

Figure 4A. Typical Aqua Ammonia Pressure Storage Installation

Figure 5A. Typical Atmospheric Pressure Installation


