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This edition of NFPA 560, Standard for the Storage, Handling, and Use of Ethylene Oxide for
Sterilization and Fumigation, was prepared by the Technical Committee on Industrial and Medi-
cal Gases. It was issued by the Standards Council on December 1, 2006, with an effective date
of December 20, 2006, and supersedes all previous editions.

This edition of NFPA 560 was approved as an American National Standard on December 20,
2006.

Origin and Development of NFPA 560
In June 1990, a request was made by a manufacturer of ethylene oxide to develop a new

standard for the storage, handling, and use of ethylene oxide for sterilization and fumigation.
This request addressed the replacement of the nonflammable mixture of ethylene oxide and
freon with pure ethylene oxide, which was occurring concurrent with the reduced use of
freon for environmental reasons. The request was reviewed by the NFPA Standards Council,
which published a notice in the August 1990 edition of Fire News asking for public input on the
recommendation.

At its January 1991 meeting, the NFPA Standards Council approved the request and the devel-
opment of the standard was assigned to the NFPATechnical Committee on Industrial and Medical
Gases (IMGAS). The IMGAS Committee established a task force on ethylene oxide, which devel-
oped a draft standard that was made available for public review. Notice of its availability was
published in the December 1993/January 1994 edition of Fire News with a public proposal closing
date of January 21, 1994. The IMGAS Committee reviewed the proposals, and the Committee’s
report was published in the 1995 Annual Meeting Report on Proposals. Further revisions were
published in the 1995 Annual Meeting Report on Comments.

The 2002 edition contained requirements in Chapter 11 that addressed the use of oxidiz-
ing emission control devices. These requirements were based on the recommendations of a
NIOSH report generated after several incidents occurred that involved oxidizing emission
control device operations.

The 2002 edition was also revised to conform to the new Manual of Style for NFPA Technical
Documents requirements.

The 2007 edition includes the following changes:
– Elimination of the concept of special rooms to achieve consistency with NFPA 5000®,

Building Construction and Safety Code®

– Addition of the definition of Sterilization Building
– Correlation of gas storage requirements with NFPA 55, Standard for the Storage, Use, and

Handling of Compressed Gases and Cryogenic Fluids in Portable and Stationary Containers, Cylinders,
and Tanks

– Updated definitions
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any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on the storage, transfer,
and use of industrial gases. Included are the storage and handling of such gases in their gaseous or liquid
phases; the installation of associated storage, piping, and distribution equipment; and operating practices.
The Committee also has a technical responsibility for contributions in the same areas for medical gases and
clean rooms.

560–2 STORAGE, HANDLING, AND USE OF ETHYLENE OXIDE FOR STERILIZATION AND FUMIGATION

2007 Edition



Contents

Chapter 1 Administration ............................... 560– 4
1.1 Scope ............................................... 560– 4
1.2 Purpose ............................................ 560– 4
1.3 Alternate Materials, Equipment, and

Procedures ........................................ 560– 4
1.4 Retroactivity ...................................... 560– 4
1.5 Equivalency ....................................... 560– 4

Chapter 2 Referenced Publications ................... 560– 4
2.1 General ............................................ 560– 4
2.2 NFPA Publications ............................... 560– 4
2.3 Other Publications .............................. 560– 4
2.4 References for Extracts in Mandatory

Sections ............................................ 560– 5

Chapter 3 Definitions .................................... 560– 5
3.1 General ............................................ 560– 5
3.2 NFPA Official Definitions ...................... 560– 5
3.3 General Definitions ............................. 560– 5

Chapter 4 Receiving and Unloading Ethylene
Oxide Containers ........................... 560– 5

4.1 Scope ............................................... 560– 5
4.2 Procedures ........................................ 560– 6

Chapter 5 Storage of Ethylene Oxide ................ 560– 6
5.1 General ............................................ 560– 6
5.2 Indoor Storage ................................... 560– 6
5.3 Storage Outside of Buildings ................. 560– 6

Chapter 6 Piping Systems ............................... 560– 6
6.1 Scope ............................................... 560– 6
6.2 Materials for Piping, Valves, and Fittings ... 560– 7
6.3 Preparation for Dismantling of Piping ..... 560– 7
6.4 Valves ............................................... 560– 7
6.5 Testing ............................................. 560– 7
6.6 Identification ..................................... 560– 7

Chapter 7 Gas Dispensing Areas ....................... 560– 7
7.1 General ............................................ 560– 7
7.2 Ethylene Oxide Containers ................... 560– 7
7.3 Nitrogen System ................................. 560– 7

7.4 Vaporizer .......................................... 560– 7
7.5 Liquid Ethylene Oxide Piping ............... 560– 7

Chapter 8 Operations .................................... 560– 8
8.1 Operating Procedures Manual ............... 560– 8
8.2 Sterilizer Operation ............................ 560– 8
8.3 Area Monitoring for Ethylene Oxide ....... 560– 8
8.4 Emergency Stop ................................. 560– 8

Chapter 9 Electrical Installation ....................... 560– 8
9.1 Area Electrical Classification ................. 560– 8
9.2 Static Electricity Control ....................... 560– 8
9.3 Grounding Requirements ..................... 560– 8

Chapter 10 Sterilizer Construction .................... 560– 8
10.1 Vessel ............................................... 560– 8
10.2 Rotating Equipment ............................ 560– 8
10.3 Pressure Relief Device .......................... 560– 8

Chapter 11 Disposal and Emissions ................... 560– 8
11.1 Scope ............................................... 560– 8
11.2 Wet Scrubbers .................................... 560– 8
11.3 Flare Stacks ....................................... 560– 8
11.4 Catalytic Converter .............................. 560– 8
11.5 Oxidizing Emission Control Devices ........ 560– 9

Chapter 12 Maintenance ................................ 560– 9
12.1 General Requirements ......................... 560– 9
12.2 Maintenance Manuals .......................... 560– 9

Chapter 13 Construction ................................ 560– 9
13.1 Scope ............................................... 560– 9
13.2 Separate Structures or Buildings ............ 560– 9

Chapter 14 Fire Protection .............................. 560– 9
14.1 Sprinklers ......................................... 560– 9

Annex A Explanatory Material ......................... 560– 9

Annex B Significant Properties of Ethylene
Oxide ............................................ 560–10

Annex C Informational References ................... 560–12

Index ........................................................... 560–13

560–3CONTENTS

2007 Edition



NFPA 560

Standard for the

Storage, Handling, and Use of Ethylene
Oxide for Sterilization and Fumigation

2007 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on the
paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical rule
beside the paragraph, table, or figure in which the change oc-
curred. These rules are included as an aid to the user in identify-
ing changes from the previous edition. Where one or more com-
plete paragraphs have been deleted, the deletion is indicated by
a bullet (•) between the paragraphs that remain.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document.As an aid to the user, the complete title and edition of
the source documents for extracts in mandatory sections of the
document are given in Chapter 2 and those for extracts in infor-
mational sections are given in Annex C. Editorial changes to ex-
tracted material consist of revising references to an appropriate
division in this document or the inclusion of the document num-
ber with the division number when the reference is to the origi-
nal document. Requests for interpretations or revisions of ex-
tracted text shall be sent to the technical committee responsible
for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex C.

Chapter 1 Administration

1.1 Scope. This standard shall apply to the storage and han-
dling of ethylene oxide in portable containers for its use in
sterilization and fumigation. It also shall apply to flammable
mixtures of ethylene oxide with other chemicals.

1.1.1 This standard shall not apply to the following:

(1) Nonflammable mixtures of ethylene oxide with other
chemicals

(2) Ethylene oxide manufacturing facilities, and container fill-
ing, refilling, or transfilling facilities

(3)*The off-site transportation of portable containers of ethyl-
ene oxide

(4) Facilities using ethylene oxide as a chemical feedstock
(5) Ethylene oxide in chambers 0.283 m3 (10 ft3) or less in

volume, or for containers holding 200 g (7.05 oz) of eth-
ylene oxide or less

1.2 Purpose. The purpose of this document is to give require-
ments to reduce the occurrence of fire explosions in the use of
ethylene oxide sterilizing systems.

1.3 Alternate Materials, Equipment, and Procedures. The provi-
sions of this standard are not intended to prevent the use of any
material, method of construction, or installation procedure not
specifically prescribed by this standard, provided any such alter-
nate is acceptable to the authority having jurisdiction (see 3.2.1).
The authority having jurisdiction shall require that sufficient evi-
dence be submitted to substantiate any claims made regarding
the safety of such alternates.

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
protection from the hazards addressed in this standard at the
time the standard was issued.

1.4.1 Unless otherwise specified, the provisions of this stan-
dard shall not apply to facilities, equipment, structures, or in-
stallations that existed or were approved for construction or
installation prior to the effective date of the standard. Where
specified, the provisions of this standard shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this standard
deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be per-
mitted to be modified if their application clearly would be im-
practical in the judgment of the authority having jurisdiction,
and only where it is clearly evident that a reasonable degree of
safety is provided.

1.5 Equivalency. Nothing in this standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 13, Standard for the Installation of Sprinkler Systems, 2007
edition.

NFPA 16, Standard for the Installation of Foam-Water Sprinkler
and Foam-Water Spray Systems, 2007 edition.

NFPA 55, Standard for the Storage, Use, and Handling of Com-
pressed Gases and Cryogenic Fluids in Portable and Stationary Con-
tainers, Cylinders, and Tanks, 2005 edition.

NFPA 70, National Electrical Code®, 2005 edition.
NFPA 259, Standard Test Method for Potential Heat of Building

Materials, 2003 edition.
NFPA5000®, Building Construction and Safety Code®, 2006 edition.

2.3 Other Publications.

2.3.1 ASME Publications. American Society for Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

ASME Boiler and Pressure Vessel Code, 1992 edition.

ASME B31.3, Process Piping, 2004 edition.
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2.3.2 Other Publications. Merriam-Webster’s Collegiate Dictionary,
11th edition, Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.
NFPA 55, Standard for the Storage, Use, and Handling of Com-

pressed Gases and Cryogenic Fluids in Portable and Stationary Con-
tainers, Cylinders, and Tanks, 2005 edition.

NFPA 58, Liquefied Petroleum Gas Code, 2004 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the requirements
of a code or standard, or for approving equipment, materials, an
installation, or a procedure.

3.2.2 Labeled. Equipment or materials to which has been at-
tached a label, symbol, or other identifying mark of an organiza-
tion that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and
by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.

3.2.3* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

3.2.4 Shall. Indicates a mandatory requirement.

3.2.5 Should. Indicates a recommendation or that which is
advised but not required.

3.3 General Definitions.

3.3.1 Aeration Room. A room or area with controlled tem-
perature or airflow where ethylene oxide sterilized products
are held initially for offgassing.

3.3.2 Atmospheric Vents. All points where pipes, stacks, or
ducts are open to the atmosphere, including discharge points
from emissions control devices, vent pipes from safety valves,
vent pipes from filters or pumps, and other vents.

3.3.3 Chime Ring. The two raised rings circling the outer
shell of DOT 5P (1A1) ethylene oxide drums. These rings pro-
tect the drum but are not intended for lifting purposes.

3.3.4 Container. For the purposes of this standard, a cylin-
der, drum, or other pressure vessel built to DOT, ASME, or
other pressure vessel code and used to transport or store
ethylene oxide.

3.3.5 Cylinder. A portable compressed gas container, fabri-
cated to or authorized for use by the U.S. Department of Trans-
portation (DOT), or fabricated to Transport Canada (TC) or the
ASME Boiler and Pressure Vessel Code, Section VIII, Rules for the Con-
struction of Unfired Pressure Vessels.

3.3.6 Drum. For the purposes of this standard, containers built
to DOT specification 5P (1A1).

3.3.7 Ethylene Oxide Container. A compressed gas container
used for ethylene oxide or flammable mixtures of ethylene oxide
with other chemicals.

3.3.8 Limited Combustible. A building construction material
not complying with the definition of noncombustible material
that, in the form in which it is used, has a potential heat value not
exceeding 3500 Btu/lb (8141 kJ/kg), where tested in accor-
dance with NFPA 259, Standard Test Method for Potential Heat of
Building Materials, and complies with (a) or (b): (a) materials
having a structural base of noncombustible material, with a sur-
facing not exceeding a thickness of 1⁄8 in. (3.2 mm) that has a
flame spread index not greater than 50; and (b) materials, in the
form and thickness used, other than as described in (a), having
neither a flame spread index greater than 25 nor evidence of
continued progressive combustion and of such composition that
surfaces that would be exposed by cutting through the material
on any plane would have neither a flame spread index greater
than 25 nor evidence of continued progressive combustion. (Ma-
terials subject to increase in combustibility or flame spread index
beyond the limits herein established through the effects of age,
moisture, or other atmospheric condition shall be considered
combustible.) [55, 2005]

3.3.9 Outgassing. Release of adsorbed or absorbed ethylene
oxide after sterilization.

3.3.10 Pressure Relief Device. A device designed to open to
prevent a rise of internal pressure in excess of a specified value
due to emergency or abnormal conditions. [58, 2004]

3.3.11 Special Buildings. For the purposes of this standard,
a building used exclusively for the ethylene oxide steriliza-
tion process.

3.3.12* Sterilization Building. A detached building, which is
comprised of all ancillary systems and rooms supporting the ster-
ilization process, including the mechanical rooms, electrical
room, preconditioning room or preconditioning cells, convey-
ance rooms, preheat room, sterilizer room, aeration room or
cells, emissions control area, ethylene oxide drum storage room,
gas transfer room, unprocessed and processed product storage
areas, control room, process maintenance areas, and offices di-
rectly related to the sterilization process.

3.3.13 Storage. An inventory of compressed gases or cryo-
genic fluids in containers that are not in the process of being
examined, serviced, refilled, loaded, or unloaded. [55, 2005]

Chapter 4 Receiving and Unloading
Ethylene Oxide Containers

4.1 Scope. This chapter shall apply to the handling of both
full and empty ethylene oxide containers at a facility, includ-
ing the following:

(1) Handling of the containers between the truck and the dock
(2) Inspecting containers at the dock
(3) Handling of the containers within the facility
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4.2 Procedures.

4.2.1 Drums shall not be lifted by placing the forks under the
chime rings on the drums.

4.2.2 Prior to the unloading of ethylene oxide containers, the
vehicle engine shall be turned off, the brakes set, and the
wheels chocked.

4.2.3 Smoking or open flames shall not be permitted within
7.62 m (25 ft) of any area where ethylene oxide containers are
handled.

4.2.4 Ethylene oxide cylinders shall be secured to hand trucks
or lift trucks during movement.

4.2.5 Ethylene oxide containers shall be kept upright at all
times. Containers shall not be stacked or rolled.

4.2.6 Immediately after off-loading, ethylene oxide containers
shall be inspected and the following checks shall be performed:

(1) An examination for evidence of damage to the container
or valves

(2) Aconfirmation that the valves are equipped with valve outlet
plugs or caps

(3) An inspection of the container labeling to confirm that
each container is labeled ethylene oxide

(4)*A leak test of the container including valves and fuse plugs

4.2.6.1 Ethylene oxide containers shall not be moved to stor-
age until the inspection is complete.

4.2.7 In the event that any container fails incoming inspec-
tion, the ethylene oxide supplier shall be notified. If a leaking
container is found, the facility procedures for handling ethyl-
ene oxide leaks and spills shall be followed.

4.2.8 Ethylene oxide containers shall not be stored in the
receiving area.

Exception: Areas dedicated to the receiving and storage of ethylene
oxide only.

Chapter 5 Storage of Ethylene Oxide

5.1 General.

5.1.1 Storage areas shall be secured against unauthorized entry.

5.1.2 Storage of ethylene oxide in combination with other
compressed or liquefied gases shall be in accordance with
NFPA 55, Standard for the Storage, Use, and Handling of Com-
pressed Gases and Cryogenic Fluids in Portable and Stationary
Containers, Cylinders, and Tanks.

5.1.3 Ethylene oxide containers shall be kept upright at all
times. Containers shall not be stacked.

5.2 Indoor Storage.

5.2.1 Storage Within Buildings. Storage within buildings shall
be in accordance with NFPA 55, Standard for the Storage, Use,
and Handling of Compressed Gases and Cryogenic Fluids in Portable
and Stationary Containers, Cylinders, and Tanks.

5.2.2 Storage Within Sterilization Buildings.

5.2.2.1* The maximum quantity of ethylene oxide stored in a
special sterilization building or special room shall be 4536 kg
(10,000 lb).

5.2.2.2 The construction of all such special sterilization build-
ings shall comply with Chapter 13.

5.2.2.3 Special sterilization buildings or rooms shall be
classified for purposes of ignition source control in accor-
dance with 9.1.1.

5.2.2.4 Heated indoor storage areas shall be arranged so that
stored cylinders or other containers cannot be spot-heated or
heated above 51.7°C (125°F).

5.3 Storage Outside of Buildings.

5.3.1 Location of Storage Outside of Buildings. Storage outside
of buildings shall be located in accordance with Table 5.3.1.

5.3.2 Requirements for Outdoor Storage Areas. Outdoor stor-
age areas shall have a minimum of 25 percent of the perimeter
open to the atmosphere. This open space shall be permitted to
incorporate chain link fence, lattice construction, open block, or
similar materials for the full height and width of the opening.

5.3.2.1 Storage areas shall be kept clear of dry vegetation and
combustible materials for a minimum distance of 4.6 m (15 ft).

5.3.2.2 Cylinders stored outside shall not be placed on the
ground (earth) or on surfaces where water can accumulate.

5.3.2.3 Storage areas shall be provided with physical protec-
tion from vehicle damage.

5.3.2.4* Storage areas shall be permitted to be covered with
canopies of noncombustible construction.

Chapter 6 Piping Systems

6.1 Scope. This chapter shall apply to ethylene oxide piping
systems including pipe, tubing, flanges, gaskets, valves, fittings,
flexible connectors, and the pressure containing parts of
other components such as expansion joints and strainers, and
devices used to mix, separate, distribute, meter, and control the
flow of ethylene oxide. This chapter shall not apply to scrubber
and vent systems.

Table 5.3.1 Outdoor Storage of Ethylene Oxide Minimum
Horizontal Distances

Quantity of
Ethylene Oxide

Stored

Distance to nearest
important

building or group
of buildings or

line of adjoining
property that can

be built upon

Distance to busy
thoroughfares or

sidewalks,
line of adjoining

property occupied
by schools,
churches,

hospitals, athletic
fields, or other
points of public

gathering

363 kg
(800 lb) or less

0 0

363–1089 kg
(801–2400 lb)

0 3 m (10 ft)

1089–2722 kg
(2401–6000 lb)

3 m (10 ft) 3 m (10 ft)

2722–4536 kg
(6001–10,000 lb)

6 m (20 ft) 6 m (20 ft)

Over 4536 kg
(Over 10,000 lb)

7.6 m (25 ft) 7.6 m (25 ft)

560–6 STORAGE, HANDLING, AND USE OF ETHYLENE OXIDE FOR STERILIZATION AND FUMIGATION

2007 Edition



6.2 Materials for Piping, Valves, and Fittings.

6.2.1 Materials. All metallic materials used shall be specified
in ASME B31.3, Process Piping. The requirements of the hazard-
ous materials section shall apply. The following restrictions
shall also apply:

(1) All metallic materials used shall have a minimum melting
point of greater than 815.6°C (1500°F).

(2) No furnace butt-welded steel product shall be used.

6.2.2* Joining Methods. Joints shall be made gas-tight and shall
be either welded, flanged, brazed, or threaded. Joints shall be
welded when located in concealed spaces within buildings. The
following shall also apply:

(1) Welding. All welding processes and procedures shall be in
conformance with ASME B31.3, Process Piping. The Oxy-
Fuel Gas Welding (OFW) procedure shall not be used on
any component or system fabricated to this standard.

(2) Brazing. All brazing processes and procedures shall be in
strict conformance withASME B31.3, Process Piping.All braze
alloys shall have a minimum melting point of 537.8°C
(1000°F). The failure of the braze joint in the event of a fire
exposure shall not in any way result in the release of addi-
tional fuel that can accelerate or spread the existing fire.

(3) Soldering. Soldering shall not be used for pressure contain-
ment or structural purposes. Soldering for hermetic/
environmental sealing purposes as part of a mechanical seal-
ing system shall be permitted. The failure of any soldering
application in the event of a fire shall not allow a release of
fuel that can accelerate or spread the existing fire.

(4) Threading. Threaded joints shall be made with a thread
sealant or lubricant compatible with ethylene oxide.

6.3* Preparation for Dismantling of Piping. Any piping and
valves that have been used to transport ethylene oxide to or
from a sterilizer to the emission control or release point shall
be drained and purged prior to dismantling. The piping shall
be purged free of flammable concentrations of ethylene oxide
prior to cutting or welding on the lines. The piping shall be in-
spected for evidence of polymer prior to cutting or welding. If
found, all polymer shall be removed prior to cutting or welding.

6.4 Valves. Valves shall be designed for a minimum operating
pressure of 1030 kPa (150 psi). All material used, including
valve seat discs, packing, seals, and diaphragms shall be in ac-
cordance with Section 6.2.

6.5 Testing. Pressure piping systems shall be tested in accor-
dance with ASME B31.3, Process Piping, prior to use.

6.6* Identification. Ethylene oxide lines shall be identified.

Chapter 7 Gas Dispensing Areas

7.1 General. In addition to the requirements in Chapter 5,
Storage of Ethylene Oxide, the following shall apply to areas
where ethylene oxide is dispensed from containers. Ethylene
oxide storage shall be permitted in dispensing areas.

7.1.1* Indoor dispensing areas shall be equipped with a continu-
ous gas detection system that provides an alarm when ethylene
oxide levels exceed 25 percent of the lower limit of flammability
(7500 ppm).

7.1.2* Exhaust ventilation shall be installed in all indoor dispens-
ing areas used for ethylene oxide. Exhaust ventilation shall com-
ply with the following:

(1) Mechanical ventilation shall be operated continuously at
a rate of not less than 0.3 m3/min·m2 (1 ft3/min·ft2) of
floor area of dispensing area.

(2) Exhaust ventilation shall not be recirculated within a
room or building.

Exception: Where the air is treated to reduce the ethylene oxide concen-
tration to below that which represents a hazard, recirculation shall be
permitted. Controls shall be provided to ensure the performance of the
treatment and recirculation system.

(3) The ventilation system shall be designed to prevent accumu-
lation of ethylene oxide anywhere in the dispensing area.

(4) Loss of ventilation shall activate a visual and audible alarm
and shall stop the flow of ethylene oxide at the remotely
operated shutoff valve closest to the container.

7.2 Ethylene Oxide Containers.

7.2.1 No more than two ethylene oxide containers shall be
connected to each sterilizer.

7.2.2 Before connections are made, containers shall be
grounded.

7.2.3 The ethylene oxide supply line shall have a reverse flow
prevention device to prevent contamination of the supply con-
tainer where automatic switchover of containers is used.

7.2.4 Each ethylene oxide piping system from the containers
to the process chamber shall have two remotely operated shut-
off valves in the flow stream.

7.2.5 The valve required in 7.2.4 closest to the container shall
be located 1.5 m (5 ft) or less from the container. The valves
shall be operable from the sterilizer control room or other
location outside the dispensing area.

7.2.6 Any supply piping containing liquid ethylene oxide that
can be isolated shall be equipped with a pressure relief device.

7.3 Nitrogen System.

7.3.1 Nitrogen used for head space pressurization shall be no
less than 99.9 percent nitrogen and shall contain no impuri-
ties that are chemically incompatible with ethylene oxide.

7.3.2 A reverse flow prevention device shall be provided to pre-
vent ethylene oxide from entering the nitrogen supply system.

7.3.3 A particulate filter shall be provided to prevent rust
from being introduced into an ethylene oxide container.

7.3.4 Refillable containers shall be pressurized with nitro-
gen to 345 kPa (50 psi) prior to disconnection and ship-
ment to the supplier.

7.4 Vaporizer.

7.4.1 A valve shall be provided to control liquid flow to the
vaporizer. This valve shall be permitted to be one of the valves
required in 7.2.4.

7.4.2* An indicating or recording device shall be provided at
the control panel to demonstrate that ethylene oxide tem-
perature is within the range of 16°C (60°F) to 93.3°C (200°F).
An alarm shall be provided for out-of-range conditions.

7.5 Liquid Ethylene Oxide Piping. Ethylene oxide shall not
be piped outside the confines of the process area.
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Chapter 8 Operations

8.1 Operating Procedures Manual.

8.1.1 Each facility shall prepare and maintain an operating
procedures manual covering facility start-up, operation, and
shutdown. These manuals shall include procedures for the
safe operation of the facility under normal and nonroutine
operation conditions. Manuals shall be accessible to facility
operators at all times.

8.1.2 Operating procedures manuals shall include operator
actions to be taken if toxic or flammable concentrations of
ethylene oxide are detected in the facility.

8.1.3 Operating procedures shall include procedures for
purging and inerting equipment and piping.

8.1.4 Operating procedures shall include procedures for ad-
dressing leakage and spills of ethylene oxide.

8.2* Sterilizer Operation.

8.2.1* Purging. The vessel shall be purged to reduce the ethyl-
ene oxide concentration to less than 25 percent of the lower
limit of flammability prior to opening the chamber door.

8.2.2* Post-Cycle Ventilation. A nonrecirculating ventilation
system or equivalent means shall be provided to prevent ethyl-
ene oxide accumulation due to product outgassing prior to
and during unloading of the sterilizer.

8.2.3 Cycle Abort. Ethylene oxide sterilizers shall be
equipped with a manually initiated cycle abort feature acces-
sible to the operator. This also shall be operable from outside
the sterilizer area. A key-locked device shall not be permitted.
The cycle abort operation shall remove flammable concentra-
tions of ethylene oxide from the sterilizer.

8.3 Area Monitoring for Ethylene Oxide. Ethylene oxide ster-
ilizer areas shall be monitored continuously for ethylene ox-
ide concentrations.

8.3.1 The gas detection system shall provide an audible and
visual warning signal to indicate when concentrations of ethyl-
ene oxide reach a level of 25 percent of the lower limit of
flammability of ethylene oxide.

8.3.2* The gas detection system shall automatically shut off
the supply at the ethylene oxide containers when the concen-
tration of ethylene oxide exceeds 25 percent of the lower limit
of flammability.

8.4 Emergency Stop. An emergency stop device shall be pro-
vided to halt all operating equipment including valves, rotat-
ing equipment, and heating apparatus on the sterilizer and
gas dispensing equipment. The emergency stop shall be acti-
vated by a manually initiated feature accessible in the control
room or at the control panel.

Chapter 9 Electrical Installation

9.1 Area Electrical Classification.

9.1.1 The sterilizer room, gas dispensing room, ethylene ox-
ide container storage area, aeration rooms, and emission con-
trol area shall be classified as a Class I, Division 2, Group B area
in accordance with NFPA 70, National Electrical Code®.

Exception: Aeration rooms shall be permitted to be unclassified elec-
trically where it is demonstrated that flammable concentrations of eth-
ylene oxide cannot occur during all normal and nonroutine operating
conditions, including power failure.

9.1.2 The interior of the sterilization vessel shall be classified
Class I, Division 1, Group B.

9.2* Static Electricity Control. All piping shall be bonded to an
earth ground.

9.3 Grounding Requirements. All equipment shall be grounded
in accordance with NFPA 70, National Electrical Code, Article 250.

Chapter 10 Sterilizer Construction

10.1* Vessel. Sterilizers operating at 100 kPa (15 psig) or higher
shall be designed, built, and stamped in accordance with the
ASME Boiler and Pressure Vessel Code, Section VIII.

10.2 Rotating Equipment. Rotating equipment exposed to flam-
mable concentrations of ethylene oxide shall be designed to pre-
vent sparking and localized overheating of surfaces during nor-
mal and nonroutine operation.

10.3 Pressure Relief Device. A pressure relief device, set to
open at the sterilizer’s design pressure, shall be installed on
each sterilizer. Pressure relief devices shall be inspected annu-
ally for corrosion or accumulation of material (such as poly-
mer buildup) that could prevent operation.

10.3.1 The point of discharge of the pressure relief device shall
not be located in an area where potential ignition sources exist or
where ethylene oxide vapors could re-enter the building.

10.3.2 Shutoff valves shall not be installed in relief device
discharge piping.

Chapter 11 Disposal and Emissions

11.1* Scope. This chapter shall apply to the disposal and emis-
sion of ethylene oxide from sterilization facilities.

11.2 Wet Scrubbers. Where a wet scrubber is used, the follow-
ing requirements shall apply:

(1) Wet scrubbing systems shall be designed so that scrubber
solution cannot enter ethylene oxide vent or process lines.

(2) Sources of pure ethylene oxide liquid shall be prevented
from being fed directly to scrubber systems designed only
for ethylene oxide gas treatment.

11.3 Flare Stacks. Where a flare stack is used, the following
requirements shall apply:

(1) Flame arresters shall be installed to prevent flame flash-
back into the sterilizer.

(2) Flare stack failure shall initiate a shutdown of the flare
stack feed and an audible alarm.

11.4 Catalytic Converter. Where a catalytic converter is used,
it shall be designed to shut down or be bypassed if the tem-
perature exceeds the maximum temperature determined by
the catalyst supplier.
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11.5 Oxidizing Emission Control Devices.

11.5.1 All interlocks and safeguards shall be in place before
sterilization begins.

11.5.2 Sterilization products that sit idle in the sterilization or
aeration room shall be periodically washed or vented.

11.5.3 Ethylene oxide concentration in the sterilizer before the
back vents shall be monitored to avoid venting high ethylene
oxide concentrations to the oxidizing emission control device.

11.5.4 Confined spaces shall be vented to the outside after
power loss.

11.5.5 Ethylene oxide lines shall not be purged to an oxidiz-
ing emission control device.

11.5.6 Regular preventive maintenance shall be performed.

Chapter 12 Maintenance

12.1 General Requirements. A written program shall be devel-
oped for the following maintenance activities:

(1) Confined space entry
(2) Purging of equipment and piping
(3) Welding (hot work) permit system
(4) Lockout/tagout
(5) Preventive maintenance for key equipment

12.2 Maintenance Manuals. Manuals shall be accessible to fa-
cility operators and maintenance personnel at all times.

Chapter 13 Construction

13.1 Scope. This chapter covers the construction, ventilation,
and heating of structures that house ethylene oxide storage, dis-
pensing, and use. These structures shall be used exclusively for
these purposes and for the housing of other materials having
similar hazards, or they shall be permitted to be rooms attached
to, or located within, buildings used for other purposes.

13.2 Separate Structures or Buildings.

13.2.1 Construction of Structures or Buildings.

13.2.1.1 Separate structures or buildings shall be one story in
height and shall have walls, floors, ceilings, and roofs con-
structed of noncombustible or limited combustible materials.
Exterior walls, ceilings, and roofs shall be constructed in one
of the following ways:

(1) Of lightweight material designed for explosion venting.
(2)*If of heavy construction, such as solid brick masonry, con-

crete block, or reinforced concrete construction, explosion
venting windows or panels in walls or roofs shall be provided.

13.2.1.2 The floor of such structures or buildings shall not be
located below ground level. Any space beneath the floor shall be
of solid fill, or the perimeter of the space shall be entirely unen-
closed.

13.2.2* Structure or Building Ventilation. The structure or
building shall be provided with general ventilation through
the use of air supply inlets and exhaust outlets. These inlets
and outlets shall be arranged to provide movement of well-
mixed airthroughout the space. Air circulation shall be at least
0.3 m3/m2 (1 cfm/ft2) of floor area and shall be permitted to
be provided by natural or mechanical means.

13.2.3 Structure or Building Heating. Heating shall be by electri-
cal appliances listed for Class I, Group B, Division 2 locations in ac-
cordance with NFPA70, National Electrical Code, or shall be by means
of steam or hot water radiation or other heating transfer medium
with the heat source located in one of the following locations:

(1) Outside of the building
(2) In a separate room with a 2-hour fire resistance rating

pressurized relative to the remainder of the building

13.2.4 Sterilization Rooms. The sterilization room shall be
provided with Protection Level 2 and 4 controls as specified by
NFPA 5000, Building Construction and Safety Code.

13.2.4.1 Sterilizing rooms with quantities of hazardous mate-
rials including ethylene oxide in quantities less than the Maxi-
mum Allowable Quantity per Control Area as established by
NFPA 5000, Building Construction and Safety Code, shall not be
required to have protection Level 2 and 4 controls.

13.2.5* Explosion Control. Explosion control shall be pro-
vided in accordance with NFPA 55, Standard for the Storage, Use,
and Handling of Compressed Gases and Cryogenic Fluids in Portable
and Stationary Containers, Cylinders, and Tanks, Section 6.9.

13.2.5.1 When explosion venting is provided, interior walls,
and other walls of the sterilization room not designed as ex-
plosion venting, shall be designed to withstand an overpres-
sure of at least 4.8 kPa (100 lb/ft2).

Chapter 14 Fire Protection

14.1 Sprinklers. Facilities using ethylene oxide shall be pro-
tected by an automatic sprinkler system in accordance with
NFPA 13, Standard for the Installation of Sprinkler Systems.

14.1.1 Ethylene Oxide Storage Areas. Ethylene oxide storage
areas shall be equipped with a deluge system in accordance
with NFPA 16, Standard on the Installation of Foam-Water Sprinkler
and Foam-Water Spray Systems.

Annex A Explanatory Material

AnnexAis not a part of the requirements of this NFPAdocument but is
included for informational purposes only. This annex contains explana-
tory material, numbered to correspond with the applicable text paragraphs.

A.1.1.1(3) For regulations on the transportation of gases, see
49 CFR 100–179, “Transportation,” and Transportation of Dan-
gerous Goods regulations of Transport Canada.

A.3.2.1 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.
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A.3.2.3 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.12 Sterilization Building. This building can include the
mechanical room, electrical room, nitrogen tank and vaporiz-
ers area, chiller area, preconditioning room or precondition-
ing cells, conveyance rooms, preheat room, sterilizer room,
aeration room or cells, emissions control area, ethylene oxide
drum storage room, gas transfer room, shipping and receiving
office(s), unprocessed and processed product storage areas,
control room, maintenance areas, offices for the process sup-
port personnel, and any other rooms or systems as applicable
in supporting the sterilization process.

A.4.2.6(4) Ethylene oxide containers should be tested for leak-
age prior to moving them inside a facility. Leak detection solu-
tions can be used to test for leaks around valves and fuse plugs.
This is often referred to as a soap test. Inexpensive hand-held
leak detection instruments also are available.

A.5.2.2.1 Storage of over 2268 kg (5000 lb) of ethylene oxide
can also be covered by 29 CFR 1910.119, “Process Safety Manage-
ment of Highly Hazardous Chemicals” (OSHA). Hazard analyses
are required by OSHA for facilities storing more than 2268 kg
(5000 lb) of ethylene oxide in one location. Hazard analyses are
recommended for all facilities that store, use, and handle ethyl-
ene oxide. Refer to 29 CFR 1910.119, “Process Safety Manage-
ment of Highly Hazardous Chemicals,” for guidance on conduct-
ing such an analysis. The analysis should address the hazards of
the operation, identification of any previous incidents, engineer-
ing and administrative controls to protect against hazards, conse-
quences of the failure of engineering and administrative con-
trols, facility site, and human factors, and qualitative evaluation of
the range of possible effects on employee safety and health due
to the failure of controls.

A.5.3.2.4 The rate of formation of ethylene oxide polymers in-
creases as the temperature increases. Therefore, to minimize
polymer formation, ethylene oxide containers should be shel-
tered from intense sunlight. Ethylene oxide containers should
not be stored under plastic sheets. This can produce a green-
house effect that results in release of the fusible plugs.

A.6.2.2 Welding is the preferred method of joining pipe.
The use of welding is important in preventing leakage of
ethylene oxide.

For information on safety in cutting and welding see
NFPA 51B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Work.

A.6.3 Cleaning the inside of lines used for ethylene oxide is
necessary prior to opening the piping system to remove the
combustible, oily ethylene oxide by-products (which also con-
tain absorbed ethylene oxide), such as polymers or glycols.
These by-products can build up gradually over time.

A.6.6 For information on identification of piping, see
ASME A13.1, Scheme for the Identification of Piping Systems.

A.7.1.1 Additional detection at lower levels may be required
to meet the requirements of the Occupational Safety and
Health Administration of the U.S. Department of Labor (see
29 CFR 1910.1047, “Ethylene Oxide”).

A.7.1.2 Local exhaust hoods are an effective means used to
control ethylene oxide levels at the source of potential release.

A.7.4.2 Monitoring of temperature in the ethylene oxide vapor
stream provides a means to detect liquid ethylene oxide down-
stream of the vaporizer. The vaporizer should be equipped with a
controller to maintain the desired temperature range for vapor-
ization of ethylene oxide or ethylene oxide mixtures.

A.8.2 Sterilization is performed in a closed vessel under con-
trolled conditions of temperature, humidity, pressure, and
ethylene oxide gas concentration. The process is a single-pass,
batch operation where a number of steps are performed to
complete the cycle. Process cycle parameters can vary widely to
meet product sterilization requirements and can use flam-
mable gas mixtures in the sterilizer.

A.8.2.1 Lower concentrations of ethylene oxide are required
by OSHA (see 29 CFR 1910.1047, “Ethylene Oxide”) for per-
sonnel exposure.

The use of nitrogen in enclosed spaces can pose an asphyxia-
tion hazard.

A.8.2.2 Outgassing, depending on product characteristics, can
be of sufficient magnitude to produce flammable mixtures of
ethylene oxide.

A.8.3.2 Ethylene oxide gas supply shutoff is a minimum require-
ment; other operations such as emergency ventilation might also
be appropriate.

Additional detection at lower levels can be required to
meet the requirements of OSHA (see 29 CFR 1910.1047, “Eth-
ylene Oxide”).

A.9.2 For information on prevention of static electricity see
NFPA 77, Recommended Practice on Static Electricity.

A.10.1 Flame arresters should be installed to prevent flame
propagation from potential ignition sources external to the
vessel. Locations for consideration are the vacuum pump suc-
tion line, air inbleed port, relief valve discharge, and other
potential problem areas where flashbacks could occur.

A.11.1 The emphasis of this chapter is on those issues specifi-
cally related to fire safety. Sterilization facilities are required to
comply with federal, state, and local environmental health
and safety regulations.

A.13.2.1.1(2) For information on venting of deflagrations,
see NFPA 68, Guide for Venting of Deflagrations.

A.13.2.2 In order to comply with this requirement and OSHA
(see 29 CFR 1910.1047, “Ethylene Oxide”), specific local ex-
haust ventilation might be necessary in storage and dispensing
areas, on the sterilizer, and in aeration rooms.

A.13.2.5 For information on venting of deflagrations see
NFPA 68, Guide for Venting of Deflagrations.

Annex B Significant Properties of Ethylene Oxide

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 Hazards of Ethylene Oxide (Based on NFPA’s Fire Protec-
tion Guide to Hazardous Materials, 2002.) Figure B.1 illustrates
the hazards of ethylene oxide.

SYNONYMS: di-methylene oxide; EO; EtO; 1,2-epoxy-
ethane; oxirane
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FORMULA:

O

H C  CH2 2

DOT CLASS: Class 2.3, Poisonous gas
SHIPPING LABEL: POISON GAS and FLAMMABLE GAS
ID NO.: UN 1040
CAS NO.: 75-21-8
MOL. WT.: 44.0
STATEMENT OF HAZARDS: Flammable gas. Low ignition

energy. Explosive decomposition can occur. Hazardous polymer-
ization can occur. Serious health hazard.

EMERGENCY RESPONSE PERSONAL PROTECTIVE
EQUIPMENT: Wear special protective clothing and positive
pressure self-contained breathing apparatus.

SPILL OR LEAK PROCEDURES: Eliminate all ignition
sources. Releases may require isolation or evacuation. Ap-
proach release from upwind. Stop or control the leak, if this
can be done without undue risk. Use water spray to cool and
disperse vapors, protect personnel, and dilute spills to form
nonflammable mixtures. Water solutions no longer flammable
in open areas when diluted as 1 part in 22 parts water. In
enclosed areas such as sewers, dilution to 1 part in 100 parts
water can be required to eliminate flash potential. Control
runoff and isolate discharged material for proper disposal.

FIRE-FIGHTING PROCEDURES: Use flooding quanti-
ties of water as fog. Use water spray, dry chemical, “alcohol-
resistant” foam, or carbon dioxide. Use water spray to keep
fire-exposed containers cool. Explosive decomposition can oc-
cur under fire conditions. Fight fire from protected location
or maximum possible distance.

HEALTH HAZARDS: Serious health hazard. May be harm-
ful if absorbed through skin or inhaled. Pulmonary edema can
result. Irritating to skin, eyes, and respiratory system.

FIRE AND EXPLOSION HAZARDS: Flammable gas. Vola-
tile flammable liquid below room temperature. Explosive de-
composition can occur in vapor or liquid phases. Vapor forms
explosive mixtures with air over a wide range. Vapors are heavier
than air and can travel to a source of ignition and flash back.
Closed containers can rupture violently when heated.

FLASH POINT: –20°C (–4°F)
AUTOIGNITION TEMPERATURE: 429°C (804°F) [AIT in

the absence of air is 570°C (1058°F)]
FLAMMABLE LIMITS: LOWER 3.0% UPPER 100.0%
INSTABILITY AND REACTIVITY HAZARDS: Highly reac-

tive. Hazardous polymerization can occur especially if contami-
nated. Reacts with acids, alkalies, salts, combustible materials.

Can undergo runaway reaction with water. Many materials can
accelerate this reaction.

STORAGE RECOMMENDATIONS: Store in a cool,
dry, well-ventilated location. Store away from heat, oxidiz-
ing materials, and sunlight. Separate from acids, alkalies,
salts, and combustible materials. Outside or detached stor-
age is preferred. Can react in insulation, forming low mo-
lecular weight polyethylene glycols that can spontaneously
heat and ignite at less than 100°C (212°F).

USUAL SHIPPING CONTAINERS: Insulated steel cylin-
ders; pressurized tanks on trucks, rail cars, barges. Safety relief
valves required.

PHYSICAL PROPERTIES: Colorless gas with sweet ether-
like odor.

MELTING POINT: –112°C (–170°F)
BOILING POINT: 11°C (51°F)
SPECIFIC GRAVITY: 0.89 @ 0°C
SOLUBILITY IN WATER: Soluble
VAPOR DENSITY: 1.51
VAPOR PRESSURE: 1095 mm Hg @ 20°C
ELECTRICAL EQUIPMENT: Class I, Group B (C)

B.2 Nonflammable Mixtures of Ethylene Oxide. Ethylene oxide
is often mixed with a second, inert component and shipped as a
liquefied gas mixture for use by sterilizer operators. Several of
these mixtures are nonflammable. Table B.2 indicates the maxi-
mum amount of ethylene oxide that a nonflammable mix can
contain, as well as typical ethylene oxide contents of commer-
cially available nonflammable mixtures. Figure B.2(a) through
Figure B.2(c) show how the flammable range for ethylene oxide
varies as a function of pressure for nitrogen and air atmospheres.

3
4

3

FIGURE B.1 Hazards of Ethylene Oxide.

Caution: Higher pressure
and temperatures will 
enlarge the flammable 
region.

Initial pressure: 1 ATM
Initial temperature: 45°C
Initiator: Fused nichrome 
wire
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Annex C Informational References

C.1 Referenced Publications. The documents or portions
thereof listed in this annex are referenced within the infor-
mational sections of this standard and are not part of the
requirements of this document unless also listed in Chap-
ter 2 for other reasons.

C.1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 51B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Work, 2003 edition.

NFPA 68, Standard on Explosion Protection by Deflagration Vent-
ing, 2007 edition.

NFPA 77, Recommended Practice on Static Electricity, 2007 edition.
NFPA, Fire Protection Guide to Hazardous Materials, 2002 edition.

C.1.2 Other Publications.
C.1.2.1 ASME Publications. American Society of Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

ASME A13.1, Scheme for the Identification of Piping Systems,
1981 (R 1985).

C.1.2.2 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM E 681, Standard Test Method for Concentration Limits of
Flammability of Chemicals, 1985.

C.1.2.3 TC Publications. Transport Canada, 330 Sparks Street,
Ottawa, ON K1A 0N5 Canada.

Transportation of Dangerous Goods.

C.1.2.4 U.S. Government Publications. U.S. Government Print-
ing Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1910.119, “Process
Safety Management of Highly Hazardous Chemicals” (OSHA).

Title 29, Code of Federal Regulations, Part 1910.1047,
“Ethylene Oxide” (OSHA).

Title 49, Code of Federal Regulations, Parts 100–179,
“Transportation.”

C.2 Informational References. The following documents or
portions thereof are listed here as informational resources only.
They are not a part of the requirements of this document.

NFPA69, Standard on Explosion Prevention Systems, 2002 edition.

C.3 References for Extracts in Informational Sections. (Re-
served)

Table B.2 Nonflammable Mixtures of Ethylene Oxide*

Second Component
Chemical Name

Common
Name

Chemical
Formula

Max.
Ethylene
Oxide
Wt %

Typical
Ethylene
Oxide
Wt %

Max.
Ethylene
Oxide
Vol %

Dichloro difluoromethane CFC-12 CF2Cl2 12.5 12.0 28.0
Carbon dioxide — CO2 9.0 8.5 9.0
2 Chloro-2,1,1,1 Tetrafluoroethane HCFC-124 CHClF-CF3 9.3 8.6 24.2
2,1,1,1 Tetrafluoroethane HFC-134a CH2FCF3 6.1 N/A 13.0
2,2,1,1,1 Pentafluoroethane HFC-125 CHF2CF3 8.5 N/A 21.2

* Measured in accordance with ASTM E 681, Standard Test Method for Concentration Limits of Flammability of Chemicals, with an ignition energy of 40 J.

Caution: Higher pressure
and temperatures will 
enlarge the flammable 
region.

Initial pressure: ¹⁄₂ ATM
Initial temperature: 
19°C to 44°C
Initiator: Fused nichrome 
wire 
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FIGURE B.2(b) Flammability of Ethylene Oxide-CO2-Air
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