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TESTING FOR AMMONIA IN CARBON DIOXIDE

Background

Ammonia testing as a limiting characteristic for carbon dioxide exists in several monographs and guidelines for
medical, food, and beverage applications.

The rationale behind listing ammonia as an impurity of concern in carbon dioxide is:

¢ Ammonia manufacturing is one of the feed gas source types used to supply carbon dioxide to purification
plants; and

e Ammonia is commonly utilized as a refrigerant when liquifying carbon dioxide in a purification plant.
Question

Is it necessary to test carbon dioxide for the presence of ammonia?

Answer

No, ammonia cannot exist in liquid carbon dioxide in manufacturing and storage because it would chemically
form a precipitate(s) with carbon dioxide.

NOTE—Only under certain laboratory conditions can ammonia be artificially added to, and detected in, gaseous carbon diox-
ide. Even under these unusual circumstances, ammonia is only found at very low part per million concentrations.

NOTE—Ammonia testing may still be required to meet contractual agreements or existing regulatory requirements.
Reasons

Ammonia and carbon dioxide will form the following solid precipitates conditional on the absence or presence of
water.

In the absence of water, ammonium carbamate will be formed per the following reaction:
2 NH3 + CO2 — NH4COONH2 (168 kJ/kmol)

In the presence of water, ammonium carbonate and ammonium bicarbonate will be formed per the following
reaction:

3 NH3 + 2 CO2 + 2 H20O — (NH4)2CO3 + NH4HCO3

In either case, if ammonia was present in the carbon dioxide feed stock or was introduced due to an ammonia
refrigeration system leak in the heat exchanger, the above precipitates would be formed and then captured by
unit operations (e.g., oil coalescer and coalescing filters, compressor and suction strainers, carbon beds, high
pressure water scrubber, drier beds, dust filters, etc.). If these unit operations become saturated with the precip-
itate, the process flow would be obstructed rendering the plant inoperable.

Further along the supply chain, at most depot and customer storage tanks, a supplemental refrigeration system

is utilized for pressure management. Most of these storage tank refrigeration systems do not use ammonia as a

refrigerant for cooling. However, if ammonia is used and a rupture occurs in the refrigeration system, the precip-

itate would form in the refrigeration loop and render the system inoperable. The resulting lack o i j

would lead to tank pressure buildup and excessive venting. D?aaﬂjments
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Furthermore, ammonia is not introduced throughout the normal carbon dioxide distribution supply.

Any precipitate of ammonium carbamate, ammonium carbonate, or ammonium bicarbonate would exist in its
solid state and cannot convert back into ammonia. Ammonia testing is designed to detect gaseous ammonia and
not the solid precipitate, therefore testing for ammonia provides no additional assurance of product quality.

Based on this reasoning and the industry’s use of a risk-based approach, ammonia testing does not mitigate the
perceived risk of ammonia being present in carbon dioxide.

PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc. and
others. However, the Association or its members, jointly or severally, make no guarantee of the results and assume no
liability or responsibility in connection with the information or suggestions herein contained. Moreover, it should not be
assumed that every acceptable commodity grade, test or safety procedure or method, precaution, equipment or device
is contained within, or that abnormal or unusual circumstances may not warrant or suggest further requirements or
additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or sugges-
tions will be fully reviewed by the Association after giving the party, upon request, a reasonable opportunity to be heard.
Proposed changes may be submitted via the Internet at our web site, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this docu-
ment by government agencies and others, this document is purely voluntary and not binding unless adopted by refer-
ence in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available via the
Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700, ext. 799.
E-mail: customerservice@cganet.com.
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