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Disclaimer  
 

All publications of AIGA or bearing AIGA’s name contain information, including Codes of Practice, safety procedures and other 
technical information, that were obtained from sources believed by AIGA to be reliable and/or based on technical information 
and experience currently available from members of AIGA and others at the date of the publication. As such, we do not make 
any representation or warranty nor accept any liability as to the accuracy, completeness or correctness of the information 
contained in these publications.  
 
While AIGA recommends that its members refer to or use its publications, such reference to or use thereof by its members or 
third parties is purely voluntary and not binding. 
 
AIGA or its members make no guarantee of the results and assume no liability or responsibility in connection with the reference 
to or use of information or suggestions contained in AIGA’s publications. 
 
AIGA has no control whatsoever with regards to performance or non performance, misinterpretation, proper or improper use of 
any information or suggestions contained in AIGA’s publications by any person or entity (including AIGA members), and AIGA 
expressly disclaims any liability in connection thereto. 
 
AIGA’s publications are subject to periodic review and users are advised to obtain the latest edition. 
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1 Introduction 
 
As a part of a programme of harmonization of industry standards, Asia Industrial Gases Association 
(AIGA) and Japan Industrial and Medical Gases Association (JIMGA) formed the joint task force to 
generate the harmonized standard on safe handling of electronic specialty gases based on the AIGA 
document 018/05. 
 
This standard is intended as an international harmonized standard for the worldwide use and application 
by all members of AIGA, CGA, EIGA and JIMGA. 
 
With the worldwide proliferation of electronic gases, and recognizing that these gases present certain 
inherent dangers and risks with their use, this safety guideline has been written to assist both the 
packager and user of these gases. 
 
This document is intended to promulgate standards which will enhance safety in the workplace where 
these gases and mixtures are prepared, when these materials are transported from the production site to 
the ultimate user, and as they are stored and eventually consumed by the end user. 
 
While the information contained within this document is applicable in principle to all compressed gas 
packages, this document is primarily focused on electronic specialty gases. 
 
Electronic specialty gases encompass gases and mixtures that are primarily used in the semiconductor 
and photovoltaic industry (hereafter known as the electronics industry). Because of the inherent need for 
very high purity, extraordinary precautions are taken to ensure that the gases are packaged in cylinders 
with valves that have extremely low leak rates, and that the stability of the gas specification is maintained 
for the entire specified shelf life of the package. However, since these gases are usually packaged at high 
pressure, and can be reactive, flammable, toxic, or corrosive, great care should be exercised in their use 
even if they are deemed to be inert. 
 
Further, in the wake of the events of September 11, 2001, some electronic specialty gases can also be 
considered as potential weapons of mass destruction.  The guidelines noted in this standard will assist in 
raising the level of safety and security on sites that process and handle these materials. 
 
 
 
2 Scope and purpose 
 
These recommendations form the basis for the safe storage, handling, and use of electronic specialty 
gases that are packaged in containers. Information on the potential hazards of the gases, the containers 
and the gas supply systems also includes direction for handling problem containers. Additionally, 
guidelines are provided on general safety considerations. 
 
The information contained in this publication is designed to provide awareness and guidance for personnel 
working in facilities that package, distribute and consume gases used primarily in the electronic industry, 
such as the manufacture of semiconductors, TFT-LCD, fibre optics, opto-electronic devices and solar 
cells.   It is not meant to take the place of Work Instructions or Standard Operating Procedures, but rather, 
to assist personnel to identify generic steps that need to be taken in their routine operations, as well as to 
recognize issues that could result in injury to personnel or damage to equipment. 
 
Where practical, the theory pertaining to the principles being discussed is presented. However, this 
coverage is meant to provide a very minimal overview of pertinent technical facts that would explain the 
reasons for taking or avoiding certain practices. 
 
To the extent possible, each section will provide guidance and direction as to where additional information 
can be found in the literature of Asia Industrial Gases Association (AIGA), the Compressed Gas 
Association (CGA), European Industrial Gases Association (EIGA), Japan Industrial and Medical Gases 



AIGA 018/10  
 

 2

Association (JIMGA), ISO, the European Road and Rail Regulations (ADR/RID), as well as the regulations 
promulgated by the United Nations in the “Orange Book”. 
 
The term “gas”, when used in this publication, can encompass both a pure material and a mixture of 
several individual pure gases. If there is a specific distinction between a compressed gas, a liquefied or 
non-liquefied gas, this will be highlighted. The information contained in this document was collected from 
sources that are believed to be accurate. However, it should not be understood that every potential aspect 
of the safe handling of electronic gases has been considered, and the reader is encouraged to take steps 
to ensure that such a comprehensive review is undertaken. 
 
 
 
3 Definitions 
 

Absolute Pressure: is based on a zero reference point, the perfect vacuum.  Measured from this 
reference, the standard atmospheric pressure at sea level is 1.013 bars (101.325 kPa), abs; however, 
local atmospheric pressure may deviate from this standard value because of weather conditions and 
the distance above or below sea level. 
 
Apparatus:  Accessory equipment, such as valves, pressure relief devices, regulators, etc., used with 
compressed gas. 
 
ADR/RID:  European Agreement Concerning the International Carriage of Dangerous Goods by Road 
(ADR) and Rail (RID). 
 
Bar:  A standard unit of pressure, equal to 100 kPa. The term bar and kPa will be used as a standard 
reference for pressure. 
 
Bundle:  A bundle is a pack containing two or more gas cylinders, manifolded together, with a 
common valve connection for filling and use. 
 
CFR:  Code of Federal Regulations in the United States. 
 
Compressed Gas:  A substance or mixture of substances that (1) is a gas at 20 °C (68 °F) or less at 
an absolute pressure of 101.325 kPa, abs (14.696 psia) and (2) has a boiling point of 20 °C (68 °F) or 
less at an absolute pressure of 101.325 kPa, abs (14.696 psia) and that is liquefied, non-liquefied, or 
in solution, except those gases that have no other health or physical hazard properties are not 
considered to be compressed gases until the pressure in the packaging exceed an absolute pressure 
of 280 kPa, abs (40.6psia) at 20 °C (68 °F). 

(See Appendix 1 for more information) 
 
Containers (Compressed Gas):  Vessels of various shapes, sizes, and materials of constructions 
such as cylinders, portable tanks, or stationary tanks, and of designs meeting the specifications of 
either the ASME, TC, DOT, ADR, JIS, or national authorities, and are filled with compressed gases. 
 
Corrosive Gas:  A gas that in contact with materials or living tissue can cause damage or destruction. 
 
Critical Temperature:  The critical temperature is the temperature above which the compressed gas 
cannot exist in the liquid state. 
 
Cryogenic Liquid:  A refrigerated liquefied gas having a boiling point lower than –90 °C  at 101.325 
kPa, abs. 
 
Cylinder:   Container (compressed gas) having a water capacity that does not exceed 150 litres. 
     See Appendix 1 for more information. 
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Dewar:  Open-mouthed, non-pressurized portable liquid containers that are vacuum-jacketed or 
insulated vessels designed to hold cryogenic liquids. 
 
Exhausted Enclosure:  Exhausted Enclosure is an appliance or piece of equipment which consists of 
a top, a back and two sides providing a means of local exhaust for capturing gases, fumes, vapours 
and mists. Such enclosures include laboratory hoods, exhaust fume hoods and similar appliances and 
equipment used to locally retain and exhaust the gases, fumes, vapours and mists that could be 
released. 
 
Filling Ratio:  This is the ratio of the mass of liquefied gas introduced in a container to the mass of 
water at 15 °C that would fill the same container fitted ready for use. Also known as fill density, filling 
factor, maximum fill degree, maximum fill pressure. 
 

Filling ratio may be applied to some non-liquefiable gases for safety reasons such as auto-
decomposition, e.g. nitric oxide and germane.    
 
Note: The water capacity stamped on the cylinder may apply to the minimum water capacity 
designed without internal fittings, in which case, the net water capacity shall be ascertained. 

 
Flammable Gas:  A gas is considered flammable when either a mixture of 13% or less (by volume) 
with air is ignitable at 101.325 kPa, abs or has a flammable range with air of at least 12% regardless 
of the lower limit. These limits shall be determined at 101.325 kPa, abs pressure and at a temperature 
of 20 ºC. 
 
Gas Cabinet:  Gas Cabinet is a fully enclosed, non-combustible enclosure used to provide an isolated 
environment for compressed gas cylinders in storage or use. Doors and access ports for exchanging 
cylinders and accessing pressure-regulating controls are allowed to be included. 
 
Gas Mixture:  A gas mixture is a mixture of two or more components, either liquid or gaseous, which 
has been deliberately filled for use from the cylinder as a blended mixture, and which exerts a 
pressure of equal to or more than 150 kPa, abs at 15 ºC. 
 
Gas Pressure:  The force per unit of area exerted by a gas to its surroundings. The term kilopascal 
(kPa), along with the term “bar” will be the standard term for pressure used in this document. 
 
Gas Supplier:  A business that produces, fills, and/or distributes compressed gases and compressed 
gas containers. 
 
Handling:  Moving, connecting or disconnecting a gas container under normal conditions 
 
Hazard:  Any condition that could potentially cause injury to personnel or property. 
 
Highly Toxic:  Gases that have an LC50 in air less than or equal to 200 ppm for a one-hour exposure. 
 
Inert Gas:  A gas which is not toxic, which doesn’t support human breathing and which reacts 
scarcely or not at all with other substances. 
 
LC50:  The median lethal concentration of gas, when administered by continuous inhalation for an hour 
to 10 albino rats weighing between 200 and 300 grams each, causes death to 50% of the population 
within 14 days. 
 
LFL (Lower Flammability Limit):  The minimum concentration in air of a gas which would burn when 
ignited. 
 
Material Safety Data Sheet (MSDS):  Written or printed information concerning a hazardous material 
(properties, precautions, etc.) following national regulations. 
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National Standards, Guidelines, Regulations: These are the technical standards set by the 
regulatory authorities of the country in which the equipment/facility is used, with respect to their design, 
construction testing and use. Where available and applicable, these standards should be followed. 
 
Nesting: A method of securing flat-bottomed cylinders upright in a tight mass using a contiguous 
three-point contact system whereby all cylinders within a group have a minimum of three points of 
contact with other cylinders, walls, or bracing. 
See Appendix 2 for more information. 
 
Oxidising Gas: A gas that, in the presence of a fuel, supports and may vigorously accelerate 
combustion. 
 
Passivation: Passivation is a procedure that is applied when there is a possibility of a reaction 
between a reactive gas and the container or system into which it is going to be introduced.  
Passivation is usually carried out using a mixture containing a reactive gas diluted in an inert gas, 
sometimes followed by the pure reactive gas.  As an example, in the specific case of fluorine or 
fluorinated gases, passivation ensures that any residual contaminants will react in a controlled manner 
and will create an inert fluoride layer. 
 
Pressure Relief Device:  A pressure and/or temperature activated device used to prevent the 
pressure from rising above a predetermined maximum and thereby prevents rupture of a normally 
charged container when subject to a standard fire test.  
 
Refrigerant Gas: Liquefied compressed gases at room temperature typically used for a mechanical 
cooling system. 
 
Shall:  Shall is used only when procedure is mandatory. Used wherever criterion for conformance to 
specific recommendation allows no deviation. Shall can be used in text of voluntary compliance 
standards. (Do not use in foreword, footnote, or annex). Avoid the use of shall. (French: “doit”; 
German: “muss”). 
 
Should:  Should is used only when a procedure is recommended. (French: “devrait”; German: “sollte”). 
 
Tare Weight:  The tare weight is the mass of the container with other permanent fittings attached 
such as, the collar and the valve. 
 
Mass Weight: The mass weight is the mass of the empty container without permanent fittings 
attached. 
 
Test Pressure:  The test pressure of a container is the pressure at which the container is hydraulically 
or pneumatically tested and is the pressure which shall not be exceeded under any foreseeable 
normal operating conditions (e.g. during filling). 
 
Toxic Gas:  A compressed gas that has a LC50 in air of less than or equal to 5000 parts per million 
(ppm) for a one-hour exposure. National regulations may have additional classifications. 
 
Threshold Limit Value – Time Weighted Average (TLV-TWA):  The concentration to which a person 
may be exposed, 8 hours a day, 40 hours a week, without harm. (This is the definition from ACGIH -
American Conference of Governmental Industrial Hygienist). 
 
UFL (Upper Flammability Limit):  The maximum concentration in air of a gas, which would burn 
when ignited. 
 
Valve Outlet Caps and Plugs:  Removable attachments that usually form a gas-tight seal on valve 
outlets provided by the gas supplier with certain gases. (Some caps are designed only for valve thread 
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protection and are not gas-tight.) 
 
Valve Protection Cap:  A rigid removable cover provided for container valve protection during 
handling, transportation, and storage. 
 
 Valve Protection Device:  A device attached to the neck ring or body of the cylinder for the purpose 
of protecting the cylinder valve from being struck or damaged by impact resulting from a fall or an 
object striking the cylinder. 

 
 
4 Hazards of electronic specialty gases 
 
Electronic specialty gases (ESGs) used in the manufacture of semi-conductor and electronic components 
are often hazardous due to their inherent physical properties and chemical and biological reactivity. Thus, 
there are four hazards of ESGs, namely physical, chemical, biological and environmental hazards. Most 
gases possess more than one hazard. 
 
Material Safety Data Sheets (MSDS) provided by gas suppliers for individual gases should be consulted 
for better understanding of the hazards of each product. They provide a wealth of information and 
recommendations for the safe handling of electronic specialty gases. 
 
 
4.1 Physical hazards 
 
There are two primary physical hazards, namely gas pressure and extreme cold. 
 
 
4.1.1 Gas pressure 
 
Compressed gases are at a higher state of energy (pressure) than the surrounding and this energy 
gradient can pose a hazard.  Uncontrolled releases of gases due to human error or equipment failure may 
result in severe injury or damage. In unusual circumstances, such as a fire, stresses exerted on the 
container wall may exceed the bursting strength of the container, causing it to rupture. Overfilled 
containers may pose a similar hazard. 
 
 
4.1.2 Extreme cold 
 
Gases handled in liquid form, cryogenic or refrigerated can pose various hazards such as: 
 

• frostbite 
• metal embrittlement 
• mist formation 
• thermal expansion 
• freezing 

 
 
4.2 Chemical hazards 
 
There are four primary chemical hazards, namely flammability, oxidizing, corrosivity and reactivity. 
 
 
4.2.1 Flammability 
 
A flammable gas requires two additional components to burn, an ignition source and an oxidizer.  The 
flammable gas will only burn when the mixture with air is within a range of flammable limits, called the 
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Lower Flammability Limit (LFL) and Upper Flammable Limit (UFL). Mixtures outside this range will not 
generally burn. 
 
Some gases not classified as flammable for transportation purpose can burn under certain ambient 
conditions, e.g. ammonia. 
 
Some gases when released in enclosed spaces can detonate in the presence of an ignition source. The 
sudden rise in pressure may cause the surrounding enclosure to rupture. 
 
A flammable gas mixture normally needs an ignition source to start the radical chain-reaction. Some 
flammable gases which have an auto-ignition temperature of less than 54.4 oC may ignite when released 
into the atmosphere.  These are classified as pyrophoric gases. 
 
Fire will occur when air (oxygen), fuel and heat are provided at the same time like figure 4.2.1.1 fire 
triangle. 

 
Figure 4.2.1.1 Fire triangle 

 
4.2.2 Oxidizing gases 
 
Oxidizing gases accelerate combustion but are not flammable by themselves, e.g. chlorine, fluorine and 
nitrous oxide. Their reactivity is dependent on the chemical being oxidized and on the pressure and 
temperature of the reactants. 
 
Substances stable in air at ambient temperatures and pressures, e.g. grease and stainless steel, react 
violently with oxidizing gases at elevated temperatures and pressures. It is therefore vital that all pipelines 
and equipment handling oxidizing gases be cleaned for oxygen service. Refer to AIGA 012/04 Cleaning of 
equipment for oxygen service, CGA G-4.1 Cleaning Equipment for Oxygen Service, EIGA IGC Doc. 33/06 
Cleaning of equipment for oxygen service. Guideline, JIGA-T-S/02/03 for more information. 
 
Fluorine is the most reactive oxidizing gas. Equipment and pipelines handling fluorine need to be 
passivated before use. 
 
Materials that normally will not burn at room temperature become flammable in the presence of strong 
oxidizing gases, such as fluorine and chlorine trifluoride. 
 
Certain finely divided metals such as aluminium, carbon steel or/and stainless steel can also 
spontaneously combust in the presence of the oxidizing gases. 
 
 
4.2.3 Corrosive gases 
 
Generally, corrosive gases can cause harm or damage to human tissue or materials when in contact with 
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moisture. In dry environments, corrosive gases have negligible effects on metals. In practice however, 
minute leaks of gases combine with atmospheric moisture to corrode metal containers, valves and fittings.  
All efforts shall be made to minimise the contact of corrosive gases with water or moisture of any kind.   
 
There are acidic corrosive gases, e.g. hydrogen chloride, and alkaline corrosive gases, e.g. ammonia. 
When combined in an enclosed environment, they may react violently releasing much energy. 
 
 
4.2.4 Self-reacting gases 
 
These are gases that react on their own under certain conditions.  The products of the reaction may cause a 
rise in pressure and temperature of the container sufficient to rupture it. Examples of such reactions are the 
self-decomposition of nitric oxide, germane, di-borane and the polymerization of ethylene oxide. Many 
polymerizable gases have inhibitors added. 
 
 
4.3 Biological hazards  
 
There are two primary biological hazards, namely toxicity and carcinogens, and asphyxia. 
 
 
4.3.1 Toxicity and carcinogens 
 
The most common route of toxic gas ingress into the body is inhalation through the lungs. A less common 
route is absorption through the skin.     
 
Acute toxicity may result in rapid death of an individual, e.g. exposure to arsine, carbon monoxide. 
 
Chronic toxicity can result in deterioration of health due to accumulation of toxins (e.g. arsenic tri-hydride), 
damage to vital tissues, e.g. lung (e.g. nitrous oxide), or recurrent pain (e.g. hydrogen fluoride).  
Some non-ESGs such as ethylene oxide may also pose a carcinogenic hazard. Mortality may not be rapid 
but the gas is believed to cause mutation in the genetic code of human cells which may lead to a 
malignant carcinogenic condition over a period of time.  
 
 
4.3.2 Asphyxia 
 
Asphyxia is a condition caused by deprivation of oxygen. 
 
Any gas or mixture with the exception of oxygen or air released into a confined space can displace oxygen 
to concentrations below that needed for breathing. This is not limited to inert gases such as nitrogen, 
helium, or argon, but can be any gas, e.g. hydrogen. Typical oxygen concentrations that are less than 
19.5% are identified as oxygen deficient. There are less oxygen concentrations as oxygen deficient in 
some countries, e.g. 18% in Japan. 
  
Gases with higher density than air, especially gases below ambient temperatures, can flow to low lying 
spaces, e.g., basement rooms, sewer manholes, pits, wells and pump sumps. 
 
Gases with lower density than air, e.g. helium and hydrogen, may accumulate in ceiling spaces. 
 
Fatal accidents due to oxygen deficient atmospheres (asphyxiation) have been caused by: 
 

a) entry into confined spaces which had not been sufficiently purged with a breathable atmosphere 
b) process lines which had not been adequately isolated 
c) leaks from cylinders or hoses 
d) spillage from dewars 
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e) process vents which had not been routed to a safe area 
 
 
4.4 Environmental hazards 
 
With proper control, the gases pose no significant threat to human life and the environment. But when 
certain gases (e.g. toxic gases) are accidentally released to the environment, they can contaminate the 
land, the water and/or the air with potentially disastrous results. Most countries have strict regulations and 
measures to be taken if a release occurs. The users of these gases should review the regulations that 
apply. 
 
Establishing emergency response programs, obtaining guidance documents from the local government 
agency to offer direction in following regulations and control emissions and characterizing risks to human 
health and the environment on the basis of locally measured or predicted exposure scenarios are strongly 
recommended. 
 
 
5 Gas packaging 
 
This section covers material of construction, container, valve construction and filling ratio. 
 
 
5.1 Material of construction 
 
Selection of metals and non-metals shall be made taking into account the compatibility of the gas and the 
material used. It is extremely important that all gas equipments be compatible with the gas being passed 
through it. The use of a device that is not compatible with the service gas may damage the unit and cause 
a leak that could result in property damage or personal injury. If a material is required to be used in the 
gas service for the first time and is thought to be compatible it should be first tested to confirm suitability 
prior to use under defined temperature, pressure and flow conditions. 
 
 
5.2 Container 
 
5.2.1 Container construction and certification 
 
The materials used in the construction of containers are predominantly carbon steel and aluminium. For 
low pressures, welded carbon steels are used. At higher pressures, seamless carbon steel and aluminium 
are used. Sometimes, other materials such as nickel and stainless steel are used depending on purity and 
compatibility requirements. 
 
Containers shall be certified and tested regularly in compliance with national standards. Container re-test 
shall follow national standards or the container manufacturer’s country laws and regulations, whichever is 
more stringent. Containers failing to meet these standards shall be removed from service. If they can be 
repaired to meet the standards, they can be put back to use; otherwise they shall be scrapped. 
 
Use of valves should also comply with national standards. 
 
Figure 1 shows the component parts of a gas container. 
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Figure 1: Drawing showing cylinder components   (From Air Products and Chemicals, Inc) 
 

 
 
5.2.2 Container weight 
 
The empty or mass weight of a large compressed gas container can exceed 200 kg.  When filled, the total 
weight of the container with gas can exceed 1000 kg.  This can present a significant handling hazard. 
 
 
5.2.3 Container identification 
 
Each container has its basic information stamped on the body shoulder. This stamp may include container 
material specification, first test date, weight, volume, pressure rating, chemical name of the gas, 
manufacturer and re-test date. This basic information helps to identify the container’s physical strength 
and usability. A container that becomes due for periodic inspection or re-qualification shall not be refilled 
until the testing is successfully completed. 
 
Users should rely primarily on labels attached by the supplier and cylinder markings to identify gas 
contents and hazards. The label should include gas name, brief description of properties, generic hazards 
prevention measures, and first aid and manufacturer information. Labels should be read before use, along 
with the MSDS. 
 
Some countries have colour codes for key gases; however; there is no unified international colour coding 
system for gases. 
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5.2.4 Container internal surface treatment 
 
Containers used in high purity gas service usually have special internal pre-treatment to maintain gas 
purity. 
 
 
5.3 Valve construction 
 
Valves are specially designed for safe use on a pressurized container.   
 
Figure 2 shows a section view of a valve with its various components: body, seat, handle, container 
connection, outlet connection, pressure relief device and restrictive orifice. 

Screw

Handwheel

Upper 
stem

Lower 
stem

Spring

Pressure 
relief 
device 

Washer

Bonnet

Diaphragms

Flow 

Seat
insert

restrictor
(when specified)

 
Figure 2—Diaphragm packless valve© 

(Printed with permission from CGA) 
 
A container valve is fitted on a container to allow flow into or out of it. The valve body is typically made of 
brass, bronze, stainless steel or other compatible metals. 
 
A variety of seats are used, the most common being metal and soft seats made of polymers. 
 
The valve stem is typically sealed by packing or with a metal diaphragm, depending on purity and 
compatibility requirements. 
 
Valves can be operated using handwheels or wrenches. Since 1980s, pneumatically actuated valves have 
also been used. They allow for remote opening and closing of the cylinder valve, and afford an extra 
measure of safety both at the filling as well as at the point of use. 
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Pressure relief devices are sometimes fitted to valves or the cylinders to prevent the rupture of normally 
charged containers when it is overpressurized such as when in a fire. There are generally four types: 
 

• metal diaphragm or rupture disk; 
• fusible plug; 
• a combination of  diaphragm and fusible plug in series; and 
• spring. 

 
If a pressure relief device is used, it should be appropriate for the gas being filled and shall follow national 
standards. 
 
Note: In certain countries, the storage of liquefied gas containers is in the area protected from sunlight. 
 
Valve outlet connections are designed to prevent incompatible gases from being connected, or to prevent 
system pressures exceeding design limits. Connections should follow national standards where these 
exist.  
 
Use of the torque wrench is recommended for tightening a valve. There are torque wrenches specifically 
designed for the valve hand wheel. Torque is preset, so that damage to internal valve component such as 
diaphragm, valve seat, etc does not occur when the valve is closed. Additionally there are other types of 
torque wrenches designed for cylinder valve outlet caps. Torque is also preset for the type of outlet such 
as DISS (Diameter Index Safety System), metal to metal, gaskets seal, etc. 
 

 
Figure 5.3.1 A typical handwheel torque wrench and an air actuated valve with a DISS outlet 

 
 
Some valves are fitted with restrictive flow orifices (RFO) to limit the maximum flow from the container, e.g. 
silane, arsine and phosphine. 
 
Some containers (especially those containing highly toxic gases and pyrophoric gases) are fitted with 
valve outlet caps or plugs to prevent accidental release, and shall be designed to withstand expected 
container pressures. 
 
The regulatory body of each country stipulates direction on the use of pressure relief devices. These 
regulations shall be followed. It is recognized that there are differences in the assignment of the pressure 
relief devices from country to country. 
 
 
5.4 Filling ratio 
 
When filling a liquefied gas into a gas cylinder, a specified filling ratio shall be kept in order to ensure that 
cylinder does not become liquid fill at an elevated temperature. 
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While the United Nations (P200 Packing Instruction) prescribes the filling ratios, some countries such as 
Japan and the USA use different filling ratios which are prescribed by their country regulations. 
 
Local regulations on filling ratio shall be checked when filling liquefied gases. 
 
 
6 Good practices for handling, storage and use of electronic specialty gases containers 
 
Some good practices for storage and use of electronic specialty gases are listed below with 
recommendations included in Section 6.3 to address specific chemical properties of various electronic 
specialty gases. 
 
6.1 Handling and use 
 

a) All facilities shall have an emergency response plan which should include the plan for gas 
releases and emergency evacuation (more information in AIGA 004/04 and EIGA 30/07) 

 
b) Only trained and qualified personnel should handle electronic specialty gases. 

 
c) Have on hand the MSDS to handle the electronic specialty gases. 

 
d) Use appropriate materials of construction compatible for handling electronic specialty gases. 

This information can be obtained from the MSDS. 
 

e) Always wear proper personal protective equipment when handling gas containers. Steel-
capped safety shoes, safety glasses with side shields and leather gloves are recommended. 
Refer to Appendix 2-2 for the personal protective equipment. 

 
f) Good housekeeping is essential, e.g. keeping combustible material away from container 

storage or use areas. 
 

g) Practice First-In-First-Out (FIFO) cylinder management. 
 

h) There are a variety of different cylinder valve inlets that are in use today. There are also a 
variety of cylinder neck threads that are used worldwide. The threads on the valve inlet shall 
match the threads on the container neck. It is very dangerous to match cylinders and valves 
that have been manufactured to different national standards since the possibility exists that 
the valve, under pressure, could be ejected from the cylinder. 

 
i) Care shall be exercised to ensure that a container including the container valve about to be 

filled has not been previously damaged. 
 

j) Pre-fill inspection of containers and correct verification of their pressure rating prior to filling is 
very important. 

 
k) Check for insects or foreign material before removing the valve protection cap. 

 
l) Remove valve outlet plug or connections slowly and look for signs of leakage before removing 

completely. 
 

m) Always stand at the side of the valve outlet plug or connection when removing the plug or 
breaking a connection. 

 
n) Check cleanliness of the valve outlet and hoses. 

 
o) Adaptors shall not be used to connect containers of different gases since it is very dangerous 
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to use them. 
 

p) Always open valves slowly and carefully. 
 

q) Do not over-tighten valves. 
 

r) The valve protection device shall always be kept in place except when the container is being 
filled or used. 

 
s) Never drag or slide the containers. 

 
t) During transportation of hazardous gases, handwheel valves should have the handwheel tied 

shut to prevent accidental release. 
 

u) Never lift the container by the valve protection cap. 
 

v) Use proper cylinder trolleys or appropriate moving devices to minimize rolling of cylinders over 
long distances.  

 
w) Always restrain the containers whether during transportation, storage or use. 

 
x) Never strike an arc (with welding electrode) on the container. 

 
y) Never allow containers to contact electrical circuits. 

 
z) Never expose containers to corrosive chemicals or vapours, e.g. bleach or seawater. 

 
aa) Never use cylinders as a roller to move equipment. 

 
bb) Containers with residual gas should be treated as if they were full. 

 
cc) Always purge piping systems with inert gas before introduction of flammable, toxic and 

corrosive   gases. 
 

dd) Always purge piping systems with inert gas before disconnection of flammable, toxic and 
corrosive gases. 

 
ee) Connections (e.g. cylinder pigtail connections), which are routinely re-made in the process, 

should be leak checked at a pressure higher than maximum operating pressure before system 
purging. 

 
 
6.2 Storage 
 
 
6.2.1 General guidelines 
 

a) Containers should be stored under dry conditions.  
 

b) Containers should be stored on level ground to minimize toppling. 
 

c) Always segregate full and used containers. 
 

d) Group containers according to the gas hazard they pose. 
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e) In storage, separate incompatible groups by appropriate distances or with fire partition with fire 
resistance of at least 30 minutes. This fire partition should have a minimum height of 1.5 m or at 
least 0.5 m above the tallest container unless restricted by national regulations. 

 
f) Store containers in such a way as to prevent the temperature of the containers from exceeding the 

national guideline or a maximum of 53 oC, e.g. by avoiding direct sunlight. See Appendix 1 for 
more information on Temperature Effects. 

 
g) Some gases require low temperature storage, e.g. –10 oC for di-borane, to minimize auto-

decomposition. 
 

h) Quantity of gases stored should not exceed the design of the facility and should comply with 
national regulations.  

 
i) Cylinders when stored vertically shall be secured (nested, palletised or chained) to prevent 

accidental tip-over. 
 

j) Certain cylinders are designed to be stored and used horizontally such as ton containers. Other 
small cylinders such as lecture bottles are more conveniently stored horizontally. In these cases, 
precaution shall be taken to ensure that they are secured properly and in accord with national 
regulations and codes. 

 
 
6.2.2 Ventilation 
 

a) Store containers in well ventilated areas. 
 

b) For outdoor storage, forced ventilation is generally not required. 
 

c) Gas densities shall be considered in the design of ventilation requirements. 
• For gases that are heavier than air, exhaust should be taken near the floor. 
• For the gases that are lighter than air, exhaust should be taken near the ceiling. 

 
d) For indoor storage, natural or forced ventilation is required and shall follow national regulations. 

 
 
6.2.3 Fire fighting systems 
 
Fire fighting systems shall be considered for storage areas and shall follow national regulations.  
 
Where practical, a deluge system may be of benefit in a storage area and can be considered. 
 
 
6.2.4 Life safety systems 
 

a) Appropriate leak detection devices should be installed to trigger emergency response actions in 
compliance with national regulations, if any. (Note: gases with human detection limits below 
Permissible Exposure Limits (PEL) generally do not require leak detection devices outdoors.) 

 
b) Appropriate gas scrubbing or ventilation systems should be installed to handle gas leaks.    

National regulations, if any, may require gas scrubbing or ventilation to handle gas leaks. 
 

c) Gas storage areas should be designed with more than one exit required by local regulations. 
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6.3 Guidelines for specific gas types 
 
There are seven specific gas types such as flammable, oxidizing, toxic, corrosive, inert, pyrophoric, and 
self-reacting and polymerizable gases. 
 
 
6.3.1 Flammable gases  
 
Precautions to be taken are outlined below. 
 

a) Use the appropriate protective equipment to prevent potential flash or burn injury. 
 

b) Leak check containers and connection before use. 
 

c) Flammable gases shall be stored in well-ventilated areas, away from oxidizers, pyrophoric gases, 
highly toxic gases, flammable liquids, open flames, sparks and sources of heat. 

 
d) Flammable gases shall be separated from other hazards. (See Section 6.1.) 

 
e) Where required by national codes, energy relief wall or blast roof may be required. This wall or 

roof is designed to allow dissipation of pressure arising from an explosion. 
 

f) The use of non-classified portable electronic devices, e.g. mobile handphones and walkie-talkies, 
is prohibited. 

 
g) Do not vent flammable gases to the atmosphere except through a properly designed system. 

 
h) National regulations may limit the total quantity of flammable gases allowed to be stored and may 

require a risk assessment. 
 

i) Prohibit sources of ignition, e.g. cigarette smoking. Minimize to the extent possible all sources of 
ignition. This would also include static electric charges. 

 
j) Electrical equipment in the vicinity of flammable gases should be intrinsically safe following zoning 

guidelines in national regulations.  If national regulations are not available, consult IEC 
(International Electro-technical Commission) or NEC (National Electrical Code). 

 
k) Non-sparking tools are to be used when working around flammable gases. 

 
l) All piping, cabinet and equipment used to handle flammable gases should have electrical 

continuity sources and should be earthed. 
 

m) Flashback arrestors should be used, where appropriate, in pipes containing flammable gases. 
 
 
6.3.2 Oxidizing gases  
 
Precautions to be taken are outlined below. 
 

a) Leak check containers and connection before use. 
 

b) Oxidizing gases shall be stored in well-ventilated areas, away from flammable gases, pyrophoric 
gases, highly toxic gases, flammable liquids, open flames, sparks and sources of heat. 

 
c) Oxidizing gases shall be separated from other hazards. (See Section 6.1.) 
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d) Use only equipment designed for oxygen service. 
 

e) Keep oxygen systems free from external contamination. 
 

f) Use only oxygen compatible lubricants or sealants. 
 

g) Do not vent oxidizing gases to the atmosphere except through a properly designed system. 
 

h) Oxygen cylinders used in work areas with inadequate ventilation should have oxygen monitors to 
ensure that oxygen concentrations are kept below 23.5%.  (See AIGA Doc. 005/04 “Fire hazards 
of oxygen and oxygen enriched atmospheres”.) 

 
i) Equipment handling fluorine or fluorinated compounds may require passivation. 

 
 
6.3.3 Toxic gases  
 
Precautions to be taken are outlined below. 
 

a) Leak check containers and connection before use. 
 

b) Toxic gases shall be stored in well-ventilated areas, away from flammable gases, pyrophoric 
gases, flammable liquids, open flames, sparks and sources of heat. 

 
c) Toxic gases shall be separated from other hazards. (See Section 6.1.) 

 
d) Prior to entry, enclosed spaces containing highly toxic gases, including cylinder packaged inside 

shipping containers, should be checked for leaks of the toxic gas in the absence of a maintained 
stationary detection system. 

 
e) Do not vent toxic gases to the atmosphere except through a properly designed system. 

 
f) Emergency showers, eyewash station and first aid stations may be required. 

 
g)  National regulations may limit the total quantity of toxic gases allowed to be stored and may 

require a risk assessment review. 
 

h) The filling and use of highly toxic gases should be done in exhausted enclosures or rooms with 
the discharge treated properly to below acceptable levels before emission into the atmosphere. 

 
i) Since many toxic gases are also corrosive, care should be taken in selecting the appropriate 

construction material. 
 
 
6.3.4 Corrosive gases  
 
Corrosive gases are also toxic and should be treated as such.  Additional precautions to be taken when 
handling corrosive gases are: 
 

a) Use the appropriate protective equipment to prevent skin and eye contact. 
 

b) Equipment such as an emergency shower and eyewash station should be available. The use of 
such equipment is mandatory in certain jurisdictions. 
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6.3.5 Inert gases  
 
Inert gases may also be classified as asphyxiant gases. 
 

a) Leak check containers and connections before use. 
 

b) For inert gases being filled and used indoors, oxygen monitors may be required. Also refer to 
AIGA Doc. 008/04 ‘Hazards of inert gases’. 

 
c) Cryogenic liquid containers may continuously vent, indoor areas should be properly ventilated. 

 
 
6.3.6 Pyrophoric gases  
 
Precautions to be taken are at minimum similar to those for flammable gases. 
 
 
6.3.7 Self-reacting and polymerizable gases  
 
Precautions to be taken when handling self-reacting gases are indicated below. 
 

a) Leak check containers and connection before use. 
 

b) Enforce strict compliance to First-In-First-Out (FIFO) usage of the gas in order to control the shelf 
life of the filled cylinders. 

 
c) Minimise the causes of self-reaction or polymerization, e.g. high temperature and rust particles. 

 
 
7 Other equipment for the ESGs’ supply system 
 
This section includes other equipment for supplying ESG such as regulators, gas monitoring systems, 
cylinder gas cabinets and gas abatement systems. 
 
 
7.1 Regulators 
 
Regulators are used in the gas delivery systems to reduce and control the pressure from a high pressure 
source to a safe working pressure for use. All internal regulator parts should be compatible with the gas 
used under normal operating conditions. 
 
A regulator for semiconductor applications is functionally the same, but has different features than those of 
a regulator designed for general duty use. Regulators designed for controlling the gases in semiconductor 
processes are constructed of typically 316 or 316L stainless steel (SS), at times electro polished. 
Regulators with stainless steel diaphragms should be used to avoid the potential of gas diffusion through 
porous elastomer diaphragms and the potential diffusion of contaminants that are adsorbed on 
elastomeric diaphragms. Other materials of constructions such as brass may be used depending on the 
specific gas in question. Once a regulator has been used in the particular gas service, it should not be 
used for other gas service unless it has been reconditioned. 
 
 
7.2 Gas monitoring system 
 
For some gases, there is a need to ensure that each individual is protected by the gas detection systems. 
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Many gases are colorless, flammable, or toxic. Some have odors that can not be detected until the 
concentration reaches the dangerous levels. Some gases are nonirritating and produce no immediate 
symptoms. Persons exposed to hazardous levels may be unaware of its presence. A gas monitoring 
system will ensure that any gas leak is detected and annunciated at predetermined levels. These levels for 
toxic gases can be alert at 50 % of TLV-TWA and alarm at the 100 % of TLV-TWA. For flammable gases, 
it can be alert at 25 % of LFL and alarm at 50 % of LFL. A gas monitoring system continuously monitors 
primary locations for the gas including but not limited to the following areas: 
 

 Storage areas 
 Operation area 
 Cylinder gas cabinets 
 Fume hoods 
 Process rooms 

 
Selection criteria are detection method, sensitivity, response time, reproducibility, selectivity and stability. 
Further, the gas detection systems should be accurate, efficient, economic and easy to use and maintain. 
 
It is desirable to have a system capable of networking existing systems from various manufactures, and 
the ability to accommodate ongoing expansion. 
 
 
7.3 Cylinder gas cabinets 
 
The cylinder gas cabinets are commonly used for flammable and/or toxic gases at the semiconductor 
manufacturing facility. 
A cylinder gas cabinet is made of metal and usually consists of a gas panel, a cylinder and a purge gas 
cylinder. It is connected to a ventilation system to capture any leaks that may occur. A ventilation system 
exhausts a toxic gas to a scrubbing system. 
 
The cylinder gas cabinet is required to be designed, assembled, operated and maintained based on the 
local regulations. Incompatible gas cylinders shall not be placed in the same gas cabinet nor directly 
interconnected in the same system. 
 
 
7.4 Gas abatement systems 
 
Many electronic specialty gases possess dangerous properties such as flammability, toxicity, oxidation 
and corrosivity. When these gases are released or accidentally leaked to the atmosphere, there are risks 
of fire and explosion as well as personal injury and environmental contamination. Further, dangerous and 
harmful particles may be generated by combustion, oxidation, etc. of these gases. 
 
In order to reduce the above mentioned risks, it is important to install the gas abatement systems for the 
purpose of abating these gases. Many national regulations require abatement systems to reduce the worst 
case of release from the container to a prescribed level. 
 
Selection of a specific gas abatement system which is reliable and economical is essential in 
consideration of properties, concentration, flow rate, pressure, life of abatement material, etc. of the gas 
and the surrounding related system, etc. 
 
Main gas abatement methods which are in use currently are physical adsorption and chemical reaction on 
solid media, catalytic oxidation, incineration and wet scrubbing. 
 
Refer to EIGA doc 30/07 “Disposal of gases” for more information. 
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8 Handling problem gas containers  
 
The handling of cylinders that are involved in an emergency situation requires detailed and exact 
procedures to correct the situation as quickly as possible, without harm to the emergency response 
personnel and without damage to the surroundings. Two documents detail the procedures that are needed 
to be followed in such a situation. They are AIGA Doc. 004/04 ‘Handling gas containers emergencies’ and 
EIGA Doc. 30/07 ‘Disposal of gases’. The information in these documents can and shall be used in the 
case of an emergency situation. 
 
The guidelines below provide an overview of general procedures that can also be followed to assess an 
emergency situation. These guidelines should not be considered to be comprehensive. They are not to be 
used in place of documented procedures nor should they be deemed a Work Instruction for dealing with 
an emergency. 
 
 
8.1 General principles 
 
The general principles relating to the handling of problem containers are listed below.  
 

a) Only knowledgeable and well-trained response teams should handle problem ESG containers. 
 

b) If there is any doubt as to how to handle the situation, immediately contact the local fire brigade or 
emergency response contractor who will be in a better position to handle the incident. 

 
c) Ensure all sources of ignition are eliminated. 

 
d) Ensure appropriate personal protective equipment is used.   

 
e) Move the cylinder to a ‘safe location’ for disposal work, if possible.  

 
f) Design the gas abatement system (scrubber or other equipment) for high temperatures generated 

from the heat of neutralization. 
 

g) After abatement, the empty cylinder should be marked as defective and then handled in the 
appropriate manner. 

 
h) If a valve is not operable, use specialized equipment, e.g. a cylinder drill, to access the contents of 

the cylinder through the cylinder wall or valve body. 
 

i) During abatement of a gas from a problem container, ensure that the piping from the leaking 
container is kept well below the surface of the scrubber solution. 

 
j) Only a trained team should attempt to scrub gases from a problem cylinder. 

 
k) Be aware of the multiple hazards some gases possess, e.g. ammonia is an alkaline gas that is  

corrosive, toxic and flammable at concentrations above 16% v/v in air. 
 
 
8.2 Flammable gases 
 

a) If the valve is operable, use it to vent the flammable gas to a “safe area”, if it is safe to do so. 
 

b) It is always preferable to vent the flammable gas to a gas abatement system. 
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8.3 Oxidizing gases 
 
Acidic oxidizing gases such as fluorine, chlorine and chlorine trifluoride, can be scrubbed with an alkaline 
solution that is greater than 15% by weight.  Acidic gases such as nitric oxide and nitrogen dioxide are 
more difficult to scrub. Oxidizers such as oxygen and nitrous oxide can be vented to a safe area. 
 
If there is any doubt on how to handle the situation, immediately contact the local fire brigade or 
emergency response contractor who will be in a better position to handle the incident. 
 
 
8.4 Corrosive gases 
 
Corrosive gases are either acidic or alkaline: 
 
Acid gases 

• Scrub acidic gases with a 15% w/w alkaline solution. 
 
Alkaline gases 

• Scrub alkaline gases with a 10%-20% w/w acid solution. 
 
 
8.5 Inert gases 
 

a) Leaking inert gases can become asphyxiants if they are vented into a confined area. 
 

b) The cylinder can be vented to a safe location which shall be away from a confined space. 
 
 
8.6 Toxic gases 
 
If there is any doubt as to how to handle the situation, immediately contact the local fire brigade or 
emergency response contractor who will be in a better position to handle the incident. 
 

a) For toxic gases that are acidic, please refer to the section above entitled, “Acid Gases” in 8.4 
Corrosive gases. 

 
b) For toxic gases that are alkaline, please refer to the section above entitled, “Alkaline Gases” in 

8.4 Corrosive gases. 
 

c) For toxic gases that are oxidizers, please refer to the section above entitled, “Oxidizing Gases”. 
 

d) For toxic gases that are metal hydrides, refer to the two referenced documents above and/or 
immediately contact the emergency response contractor who will be in a better position to handle 
the incident. 

 
 
9 Safety training and education 
 
Personnel involved in the handling of the gases shall be periodically and timely trained and educated on 
the exposure effects (signs, symptoms, medical attention) of the gases using their MSDSs and other 
safety information. 
 
They shall have a good understanding of other hazards of the gases as well. They should also be trained 
to take appropriate action in the event of an emergency. 
 



AIGA 018/10  
 

 21

People who respond to fires, gas leaks, etc. caused by any gases shall be limited to the trained personnel 
only.  
 
Additional training may be required by local jurisdictions which include personnel safety, preventive 
maintenance and environmental management programs. 
 
 
 
10 Security 
 
Security has become an important activity in the industrial gases industry due to the recent development 
and threat of terrorism and criminal activity in the world. 
 
Some of the gases covered in this document can be used as a weapon of mass destruction (WMD) in the 
possession of a terrorist. 
 
Appropriate security measures should be implemented to protect products, facilities, employees and the 
community against theft, vandalism, sabotage, workplace violence and terrorism. 
 
A sale policy for the gases should be in place against illegal use of the gases such as WMD and illicit 
drugs manufacture. It should be ensured by a thorough review prior to the purchase being approved and 
the delivery being made that the customer has a valid reason to purchase the gases and that the tracking 
records during shipment of the gases are issued and kept. 
 
For more detailed information on security, refer to the following documents. 
• Security guidelines (AIGA Doc. 003/07) 
• Security standard for qualifying customers purchasing compressed gases (CGA P-52) 
• Transport security guidelines (AIGA Doc. 043/07) 
 
 
 
11 References 
 
AIGA 003/07  Security guidelines 
AIGA 004/04     Handling gas container emergencies 
AIGA 005/04     Fire hazards of oxygen and oxygen enriched atmospheres 
AIGA 008/04     Hazards of inert gases 
AIGA 009/04     Safety training of employees 
AIGA 011/04     Work permit systems 
AIGA 012/04     Cleaning of equipment for oxygen service 
AIGA 014/05     Safety audit guidelines 
AIGA 017/05     Labelling of gas containers (and associated equipment) 
AIGA 020/05     Code of Practice nitrous oxide 
AIGA 021/05     Oxygen pipeline systems 
AIGA 029/06     Code of Practice nitrogen trifluoride 
AIGA 043/07     Transport security guidelines 
AIGA 050/08     Code of Practice Arsine 
AIGA 051/08     Code of Practice Phosphine 
AIGA 052/08     Storage and handling of silane and silane mixtures 
AIGA 053/08     Code of Practice compressed fluorine and mixtures with inert gases 
 
EIGA 30/07      Disposal of gases 
EIGA 52/04      Load securing of Class 2 receptacles  
CGA P-52        Security standard for qualifying customers purchasing compressed gases 
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Note: Additional information on handling problem cylinders can be found in the following publications: 
 
“Disposal of leaking cylinders” in the seventh edition of the Matheson Gas Data Book, published by 
McGraw-Hill.   
 
British CGA Code of Practice CP-18, “The safe Storage, handling and use of special gases in the micro-
electronics industry”. 
 
Compressed Gas Association P-1, “Safe handling of compressed gases in containers”. 
 
Compressed Gas Association P-22, “The responsible management & disposition of compressed gases & 
their containers”. 
 
ISO 11625, “Gas cylinders – Safe handling” 
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Appendix 1: Additional explanatory notes 
 
1-1 Compressed gases 
 
a)   State of gases 

The physical state of the compressed gas will determine, in large measure, the hazard properties.  As 
an example, there are subsets of a compressed gas which include, but are not limited to, physical 
states such as liquefied, refrigerated, cryogenic, etc. 
 
As a further example of these subsets, a high-pressure liquefied gas has a critical temperature of 
between –50 oC and 65 oC, while a low pressure liquefied gas has a critical temperature of above 
65 oC. 
 
It should be noted that hydrogen fluoride and hydrogen cyanide by definition are not compressed 
gases; however, they are treated as such in this document, and are handled as low-pressure 
liquefiable gases, together with other liquids which may be filled into gas cylinders. 
 
Cryogenic liquids are those having a boiling point of –90 oC or lower at 101.325 kPa (14.696 psia). 
Refrigerated liquids, such as nitrous oxide and carbon dioxide which have boiling points of higher than 
–90 oC are liquid, and should not be confused with refrigerant or fluorocarbon gases. To further 
illustrate the impact that the physical state has on the hazard properties of the material, consider 
carbon dioxide (CO2). It can be shipped as a compressed liquefied gas with UN1013, as a refrigerated 
liquid with UN2187, or as dry ice with UN1845. Each unique UN number identifies a specific set of 
hazards by virtue of the physical state of the carbon dioxide in each case. 

 
b)    Definition of gas cylinder 

In this document, a gas cylinder is defined as a container with a water capacity that does not exceed 
150 litres (under section 3). 
US regulations define a cylinder as a compressed gas container having a maximum water capacity of 
454 litres. 
 
Note: For the purpose of this publication, larger cylinders such as tubes, ISO modules, ISO containers 
and MEGC’s are also referred to as cylinders and can have capacities in excess 2200 litres. 

 
 
1-2 Temperature effects of gases 
 
Heating a container will in turn raise the temperature and pressure of both liquefied and non-liquefied 
gases.  A liquefied gas when heated will expand. By following and not exceeding the recommended filling 
ratio for a low pressure liquefied gas, the container will not become liquid full if it is heated to a 
temperature of 60 oC. The hydraulic forces from a liquid full container can potentially cause the container 
walls to rupture catastrophically. High pressure liquefied gases cannot be filled to exceed the 
recommended filling ratio to ensure that it will not exceed the cylinder test pressure at 65 oC. 
 
Aluminium containers when heated to a temperature of higher than 177 oC can exhibit embrittlement of the 
aluminium alloy and should be avoided. 
 
Carbon steel can become embrittled at or below temperatures of –40 oC. They shall be allowed to warm 
slowly back to ambient temperatures to prevent the possibility of thermal induced damage to the container 
walls. 
 
 
1-3 Safe handling of cryogenic gases 
 
Cryogenic gas containers should be placed in well-ventilated areas to minimize asphyxiation, flammability, 
and oxidizing hazards from gases escaping from pressure relief devices. Vents from pressure relief 
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devices shall also be piped away from enclosed or poorly ventilated areas. 
 
Extreme temperature differences compound thermal stresses and care shall be taken during transfer of 
cryogenic gases into warm containers or piping.  Carbon steel cannot be used to handle cryogenic gases; 
stainless steel is generally the most common material used. 
 
Positive pressure shall always be maintained in conveying cryogenic gases. This is to minimise the 
infiltration of air and ambient moisture into containers and piping which may then freeze on the walls and 
contaminate the cryogenic product. 
 
The external walls of short uninsulated hoses or piping around bulk cryogenic vessels and vaporisers can 
reach temperatures of below the boiling point of oxygen (-183 oC). This may result in an oxygen-enriched 
atmosphere in the micro-environment surrounding the cold surfaces, with its inherent hazards.  
Precautions for oxidizing gases shall be taken when working around bulk containers of cryogenic gases 
and vaporizers. 
 
Contact with a cryogenic liquid will result in what is equivalent to a thermal burn on the skin and is to be 
treated as such. Insulated leather gloves are recommended for persons handling cryogenic liquids, who 
shall also be well covered to minimise exposure of the skin and face from accidental splashes of cryogenic 
liquids. 
 
The liquefaction of gases or, conversely, the boiling of liquefied gases poses a potential hazard if 
containers, pumps and piping are not designed to handle these phase changes. High positive or negative 
pressures within a container or pipe may result. 
 
Design of facilities has to account for the range of pressures and temperatures expected, and all products 
should be checked for their physical states at all likely pressure-temperature combination and also 
meaningful extremes. 
 
In the design of ventilation systems, the proper positioning of sampling points for gas analysers, and gas 
density relative to ambient air in the expected range of operating temperatures, have to be considered. 
 
 
1-4 Flammability 
 
When flammable substances catch fire or burn, the associated rise in temperature and pressure of the 
resultant products of oxidation are dependent on the physics of reaction kinetics. The faster the reaction, 
the quicker the flame spreads and will continue to do so until the reactions are quenched and /or the 
components that caused the reactions are removed. 
 
 
1-5 Storage of toxic gases 
 
Toxic gases are to be stored in well-ventilated facilities in accordance with local building and fire 
prevention codes. The total quantity to be stored on a site should be determined after quantitative risk 
assessment taking into account prevailing climatic conditions, population densities and acceptable risk 
criteria laid down by local authorities. 
 
 
1-6 GHS (Globally Harmonized System of Classification and Labelling of Chemicals) 
 
Chemicals are a real danger for human health and the environment and most of the people are daily 
confronted to dangerous products (chemicals, pesticides, etc.) To prevent this danger and to ensure the 
safe use, transport and disposal of chemicals anywhere in the world, it is necessary to provide an 
internationally-harmonized approach to classification and labelling programs. 
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GHS, addresses classification of chemicals by types of hazard and proposes harmonized hazard 
communication elements, including labels and safety data sheets. 
 
It aims at ensuring that information on physical hazards and toxicity from chemicals be available in order 
to enhance the protection of human health and the environment during the handling, transport and use of 
these chemicals. The GHS also provides a basis for harmonization of rules and regulations on chemicals 
at national, regional and worldwide level, an important factor also for trade facilitation. 
 
Most of electronic specialty gases fall under the GHS program and need to meet the GHS requirements. 
 
Implementation of GHS has been started and it has already been used in some countries. 
 
 
1-7 Road transportation 
 
For road transportation, containers are to be secured with fastening devices. (See EIGA 52/04 “Load 
securing of Class 2 receptacles.). 
 
The transportation truck shall display well-positioned placards as required by national regulations.   
Additionally, information such as Hazchem Code, UN number and emergency contact phone number may 
or may not be required depending on the quantity of compressed gases shipped. 
 
The drivers should be trained before they are allowed to transport hazardous gases. The drivers should 
also be trained in First Aid and in the handling of leaking hazardous gas containers. 
 
The national regulations, if any, may require the emergency kits such as ropes, wrenches, drivers, 
abatement chemicals, fire extinguishers, personal protective equipments and etc. 
 
 
1-8 Permit to Work system 
 
A comprehensive “Permit to Work” system should check for: 
 

• Method Statements; 
• risk assessments of the Method Statement; 
• physical isolations; 
• safe access and egress; 
• standby man and rescue equipment; and 
• self-contained breathing equipment. 

(See AIGA 011/04 “Work Permit Systems”.) 
 
 
1-9 Cylinder nesting 
 
The 3-point contact method (nesting) of cylinders at gas manufacturing and distributing facilities is 
considered a safer mode of storage than chaining. The method requires that each cylinder makes contact 
in at least three places with other cylinders, walls, or solid support structure (i.e., rail). 
 
The following three illustrations portray different but acceptable forms of cylinder nesting. 
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Wall Supported Wall Supported Nested Unsupported

 
 
 
1-10 Safety audit 
 
Safety audits are prerequisite to promote, improve and maintain good safety performance and record, and 
helpful to the direct prevention of incidents. 
 
They are executed to evaluate the effectiveness of the company’s safety effort and make 
recommendations for the purpose of a reduction in incidents and minimization of business loss. 
They are an important part of the company’s control system and these checks ensure that deteriorating 
safety operations and practices are detected. 
 
Detailed practical information about safety audits, refer to AIGA 014/05 “Safety audit guidelines”. 
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Appendix 2: Emergency response (ER) planning 
 
 
 
2-1 Emergency response plan 
 
An emergency response plan shall be created for handling specialty gases. The plan should include, but 
not limited to, the following aspects: 

• alarm system 
• evacuation plan and roll call 
• safety emergency shutdown system 
• emergency response team contact list 
• emergency equipment locations and list 
• outside parties contact list such as fire brigade, police, hospital, neighbours, etc. 
• communication with media 
• reporting system 
• safety data such as MSDS with first aid information 
• hazards evaluation 
• working process of emergency response team 
• training requirements 
      (See AIGA 004/04 “Handling gas container emergencies”.) 

 
 
2-2 Personal protective equipment 
 
General considerations: 
 
      In the storage, handling and use of specialty gases, the personnel shall: 

• perform hazard assessment of the working process, 
• select and use appropriate equipment based on the hazards identified, 
• ensure that protective equipment shall always be properly maintained for service and 
• ensure that all relevant personnel shall be trained. 

 
It is important to note that no single piece of protective equipment or material of construction will provide 
protection. 
 
Recommended equipment list: 
 
      General safety equipment: 

• safety shoes 
• safety gloves 
• safety eye/face protection shields 
• eyewash fountains/emergency showers 
• safety ropes or tapes 
• hazardous gas monitors 
• safety signs 

 
 
Specific equipment in emergency response: 
 
a) Respiratory protection 

Respiratory protection safeguards the wearer from the inhalation and ingestion of chemical 
contaminants. Respiratory protection is divided into three types: 
• Self-contained breathing apparatus  

o Uses a source of respirable air carried by the wearer. 
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• Supplied-Air respirator 
o Uses air supplied to the wearer from a source at some distance from the work area. 

• Air-purifying respirator 
o Uses a filter, an absorbent, or combination of filter and an adsorbent to remove the 

airborne contaminants from otherwise respirable air. 
 
b) Protective clothing 

Protective clothing is designed to protect the wearer from heat and/or chemicals contacting the 
skin or eyes. Protective clothing is divided into three types: 
• Fire-fighter protective clothing 

o Designed to protect the wearer from extremes of temperature, steam, hot water, hot 
particles, and ordinary hazards of structural fire fighting. 

 
• Chemical protective clothing 

o Designed to protect the wearer's skin and eyes from direct chemical contact. This type of 
clothing can be non-encapsulating or encapsulating. 

 
• High-temperature protective clothing  

o Designed to protect the wearer from short-term, high-temperature exposure. 
 
c) Maintenance of personal protective equipment: 

All personal protective equipment shall be inspected regularly based on its maintenance program 
and kept in good functional conditions. 

 
• All types of personal protective equipment (respiratory protection and protective clothing) used 

in a hazardous material environment shall be thoroughly decontaminated before reuse. 
• Gas monitors should be calibrated regularly in accordance with the manufacturer’s 

instructions or national requirements. 
• Respiratory protection equipment shall be inspected routinely before and after each use and 

periodically. The respiratory equipment should be stored in an accessible location and 
protected against heat, cold, excessive moisture, damaging chemicals and mechanical 
damage. 

• The protective clothing for head, eye, face, body, foot and leg, and hand protection shall be 
inspected after each use. Chemical exposure may damage protective clothing. Protective 
clothing should be stored in a proper manner to prevent mechanical damage. 

• It is also important to inspect personal protective equipment periodically while in storage. 
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GAS CLASS UN # 
LC50/1Hr. 

ISO/DIS 10298 
(ppm by vol) 

FLAMMABLE 
LIMITS 

(% IN AIR) 

RELATIVE 
DENSITY GAS AT 

20oC 
(AIR = 1) 

RELATIVE DENSITY 
OF LIQUID AT 20oC 

(WATER = 1) 

VAPOUR PRESSURE 
AT 20oC 
(Bar abs) 

Ammonia 2.3, 8 1005 7,338 16 - 25 0.6 0.7 8.6 
Argon 2.2 1006 Not acute toxicity Not Flammable 1.4 * Compressed Gas Compressed Gas 
Arsine 2.3, 2.1 2188 20 or 178 1 3.9 - 77.8/4.5 - 64 7 2.7 1.6 15 
Boron Trichloride 2.3, 8 1741 2,541 Not Flammable 4 1.3 1.6 
Boron Trifluoride 2.3, 8 1008 873 2 Not Flammable 2.4 Compressed Gas Compressed Gas 
Carbon Dioxide 2.2 1013 Not acute toxicity Not Flammable 1.5 * 0.78 * 57.3 
Carbon Monoxide 2.3, 2.1 1016 3,614 12.5 - 74 1 Compressed Gas Compressed Gas 
Chlorine 2.3, 8 1017 293 Not Flammable 2.5 1.6 6.8 
Chlorine Trifluoride 2.3, 5.1, 8 1749 299 Not Flammable 3.3 * 1.9 1.5 
Diborane 2.3, 2.1 1911 80 0.8 - 98 1 Compressed Gas Compressed Gas 
Dichlorosilane 2.3, 2.1, 8 2189 314 2.5 - 98.8 8 3.5 1.2 * 1.6 
Fluorine 2.3, 5.1, 8 1045 185 Not Flammable 1.3 1.5 NA 
Germane 2.3, 2.1 2149 622 2.8 - 98/8 - 30 9 2.6 11 1.02 34.8 
Helium 2.2 1046 Not acute toxicity Not Flammable 0.14 Compressed Gas Compressed Gas 
Hexafluoroethane (R116) 2.2 3163 Not acute toxicity Not Flammable 4.8 1.6 30 
Hydrogen 2.1 1049 Not acute toxicity 4 - 75 0.07 Compressed Gas Compressed Gas 
Hydrogen Bromide 2.3, 8 1048 2,860 Not Flammable 2.8 1.9 * 21.2 * 
Hydrogen Chloride 2.3, 8 1050 3,120 Not Flammable 1.3 0.83 * 42.3 * 
Hydrogen Selenide 2.3, 2.1 2202 51 3 4.5 - 67.5 10 2.8 2 9.5 
Hydrogen Sulphide 2.3, 2.1 1053 712 4.3 - 45.5 1.2 0.79 * 17.7 * 
Methane 2.1 1971 Not acute toxicity 5 - 15 0.6 Compressed Gas Compressed Gas 
Nitric Oxide 2.3, 5.1, 8 1660 168 4 Not Flammable 1 Compressed Gas Compressed Gas 
Nitrogen 2.2 1066 Not acute toxicity Not Flammable 0.9 Compressed Gas Compressed Gas 
Nitrogen Trifluoride 2.2, 5.1 2451 6700 Not Flammable 2.4 Compressed Gas Compressed Gas 
Nitrous Oxide 2.2, 5.1 1070 Not acute toxicity Not Flammable 1.5 0.80 * 50.8 
Oxygen 2.2, 5.1 1072 Not acute toxicity Not Flammable 1.1 Compressed Gas Compressed Gas 
Phophine 2.2, 5.1 2199 22 1.6 to 98 1.2 0.74 34.6 
Silane 2.1 2203 Not acute toxicity 1.37 - 96 1.1 Compressed Gas Compressed Gas 
Silicon Tetrafluoride 2.3, 8 1859 922 5 Not Flammable 3.6 Compressed Gas Compressed Gas 
Sulphur Hexafluoride 2.2 1080 Not acute toxicity Not Flammable 5.1 * 1.4 21 
Tetrafluoromethane (R14) 2.2 1982 Not acute toxicity Not Flammable 2.8 Compressed Gas Compressed Gas 
Trifluoromethane (R23) 2.2 1984 Not acute toxicity Not Flammable 2.4 * 0.81 * 41.6 
Tungsten Hexafluoride 2.3, 8 2196 217 6 Not Flammable 10.3 3.4 1.1 
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Rationale: 
The data in the table were initially generated from BCGA CP-18. Data were confirmed or adjusted by primarily using references such as the Air Liquide Gaz 
Data Book, the Compressed Gas Association Gas Data Book, and the Matheson Gas Products Data Book. 
 

1． Arsine LC50 – The original 20 ppm value was derived from mouse data. Later rat data shows a value of 178 ppm. 20ppm has also been the CGA standard for many 
years. The reader will decide which value to use. It is recommended when there is any doubt, to use the more stringent data. 
 

2． Boron Trifluoride LC50 – Better value from later testing (Rusch, B.M., Hoffman, G.M., McConnell, R.F., and Rinehart, W.E. “Inhalation Toxicity Studies with Boron 
Trifluoride” Toxicol. Appl. Pharmacol. (1986) Vol. 83, pp 69-78). 
 

3． Hydrogen Selenide LC50 – original value of 2 ppm was from a guinea pig. (Zwart, A., Arts, J.H.E., Ten Berge, W.F., and Appleman, L.M. “Alternative Acute Inhalation 
Toxicity Testing by Determination of the Concentration-Time-Mortality Relationship: Experimental Comparison with Standard LC50 Testing,” Reg. Tox. and Pharm., Vol. 
15, 1992, pp. 278-290). 
 

4． Nitric Oxide LC50 – assumes that the NO will oxidize to NO2 , (Gray, E., Patton, F.M., Goldberg, S.B. and Kaplan, E., "Toxicity of the Oxides of Nitrogen II. Acute 
Inhalation Toxicity of Nitrogen Dioxide, Red Fuming Nitric Acid, and White Fuming Nitric Acid," Archives of Industrial Hygiene and Occupational Medicine, (1954) Vol. 
10, pp 418-422). 
 

5． Silicon Tetrafluoride LC50 – original was derived from mouse data (Scheel, L.D., Lane, W.C., Coleman, W.E., “The Toxicity of Polytetrafluoroethylene Pyrolysis 
Products—Including Carbonyl Fluoride and a Reaction Product, Silicon Tetrafluoride,” Am. Ind. Hyg. Assoc. Journal, (1968) Jan-Feb., pp 41-48). 
 

6． Tungsten Hexafluoride LC50 – 1/6 of Hydrogen Fluoride Value. 
 

7． Arsine Flammable Limits – The CGA has published the value of 4.5-64% although another range of 3.9-77.8% has been published. 
 

8． Dichlorosilane Flammable Range – Matheson data is 4%-96% and Air Liquide is 4.1%-98.8% and others is 2.5%-80%. DCS hydrolyzes in air to form H2. Selected 
the lowest and highest values. The range noted is the broadest range of LFL and UFL based on data submitted from three sources. 
 

9． Germane Flammable Range – There is wide disparity from different data sources. The ranges of 2.8-98% and 8-30% are noted in the literatures. ISO 10156 reports a 
LFL of 1% and no UFL. 
 

10． Hydrogen Selenide Flammable Range – Air Products third party Test Data 2000. 
 

11． Germane Relative Density – Data from three different sources indicate the following specific gravities at these respective temperatures. SG = 0.907 @ 70F, SG = 
1.523 @ - 223.6F, and SG =2.6 @32F. These values are disparate and do not corroborate. 

* Computer Aided Physical Properties (CAPP) – Where 2 or more values were listed, CAPP was used to estimate the value. A computer programme that provides 
physical and thermodynamic properties for both pure components and mixtures, it has three thermodynamic models (Ithermo 17, 18 and 19) and numerous models for 
physical properties.  
Ithermo 17 is a density dependant local composition modification to the cubic Peng-Robinson equation of state. Ithermo 18 is a BWRS equation of state for pure 
components.  
Ithermo 19 is a corresponding state method (based on comparison to propane). 


