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1 Introduction

For many years, the gas industry has produced a wide range of gas mixtures. All gas mixing
operations require the normal safety procedures, practices and controls that are followed when filling
standard industrial gases. Additional controls are required when mixing potentially incompatible
gases. For this reason, great care is necessary during the preparation of such mixtures to ensure that
no uncontrolled reactions take place.

Regulations and procedures for gas mixing vary in some details from one manufacturer to another,
however, they should always be based on the same safety principles. Details concerning the safe
manufacture of oxidant-fuel mixtures are described in EIGA Doc 139, Safe Preparation of
Compressed Oxidant-Fuel Gas Mixtures in Cylinders [1].1

Manufacturers of gas mixtures for medical use should also refer to EIGA Doc 99, Good Manufacturing
Practice Guide for Medicinal Gases [2].

2 Scope and Purpose
The sole aim of this publication is to set out the basic requirements to ensure that gas mixtures are
manufactured safely. This publication is not intended to be a manual on how to manufacture gas

mixtures.

3 Definitions
For the purpose of this publication, the following definitions apply.

3.1 Publications terminology
3.1.1 Shall

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific
recommendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.
3.1.3 May
Indicates that the procedure is optional.
3.1.4 Will
Is used only to indicate the future, not a degree of requirement.
3.1.5 Can
Indicates a possibility or ability.
3.2 Technical definitions
3.2.1 Cylinder

Any transportable receptacle that can be filled with gas under pressure.

1 References are shown in bracketed numbers and are listed in order of appearance in the reference section
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3.2.2 Filling ratio (Also known as filling degree or filling density)

Ratio of the mass of gas to the mass of water at 15 °C (59 °F) that would fill completely a pressure
receptacle fitted ready for use, see ADR [3].

NOTE—In other jurisdictions, the filling ratio may be defined slightly differently.

The filling ratio (f) is expressed as the ratio: (M/C),

Where:

M = mass of gas filled (kg)

C = cylinder water capacity (L)
3.2.3 Hazop
Technique to identify and assess potential hazards that could arise during the operation of plant or
equipment. A hazop study is carried out to assess the potential effects of various malfunctions of the
equipment or plant (e.g., reverse flow, excessive temperature or pressure, etc.).

3.2.4 Hygroscopic

Substance that has an affinity for water. Many acid gases are hygroscopic (e.g., hydrogen chloride)
and, when in the wet state, are normally much more reactive with materials of construction.
3.2.5 Liquefied gas

Gas which when packaged under pressure for carriage is partially liquid at temperatures above
=50 °C (=58 °F).

A distinction is made between:

e High pressure liquefied gas—a gas with a critical temperature above —50 °C (=58 °F) and
equal to or below 65 °C (149 °F); and

e Low pressure liquefied gas—a gas with a critical temperature above 65 °C (149 °F).

3.2.6 Intermediate analysis

Analysis carried out part-way through the process of filling a gas mixture into a cylinder (or cylinders).
Such an analysis is normally carried out to confirm the concentrations (and sometimes the identities)
of the components that have been filled before a subsequent component is added.

3.2.7 Passivation

Procedure that is applied where 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 ensures that any reaction
takes place under controlled conditions. Passivation may also be used to ensure the stability of a gas
mixture. Passivation is usually carried out using a mixture containing the reactive gas diluted in an
inert gas.

3.2.8 Premix
Gas mixture that is used as one of the supply gases during the filling of a gas mixture. The use of

premixes can enable low concentration components to be filled accurately and can also eliminate any
potential hazards when filling certain gas mixtures containing potentially incompatible components.
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3.2.9 Written instructions

Work instructions that are printed out on a paper or available digitally on an electronic device such as
personal computer or tablet.

4 Principles of safe gas mixing

This section sets out the basic principles that shall be followed to ensure gas mixtures are produced
safely.

4.1 Principle 1: Written instructions shall be provided

Gas mixtures shall only be filled in accordance with written and approved instructions. Normally the
instructions issued will comprise operating procedures for the plant and equipment and specific
instructions for each gas mixture to be prepared.

4.2 Principle 2: Equipment and facilities shall be properly designed

Gas mixtures shall only be prepared in properly equipped and approved facilities where provisions
have been made for:

e Pressure and material compatibility of filling equipment with the intended mixtures;

e Adequate segregation of filling flammable and oxidant gases and other potentially
incompatible components to clearly defined areas;

e Prevention of feed-back of gas from filling systems into supply gas systems; and

e Safe and environmentally responsible disposal of waste gases. EIGA Doc 30, Disposal of
Gases gives further detailed information [4].

4.3 Principle 3: Written instructions shall be prepared by competent staff using recognised
data

Gas mixing instructions shall be prepared by trained and competent staff that check for:
e availability of recognised data;
o safety of the proposed method of manufacture and the final mixture;

¢ unsafe situations that could arise from the liquefaction (condensation) of components during and
after mixing;

e quantity of product versus cylinder size (particularly with respect to liquefied gas mixtures, to
ensure that the cylinder is not over-filled); and

¢ tolerance requirements for safe mixing.

4.4 Principle 4: Personnel shall be trained

Personnel engaged in gas mixing shall be given training based on written instructions covering:
e all aspects of preparing gas mixtures;

e key characteristics of the gases being handled and the safety requirements when dealing with
them;

e recognition and mitigation of the hazards during mixture preparation that is found to be unsafe;
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e protective clothing and equipment; and

o safety rules, emergency, and first-aid procedures.

The training shall be properly recorded, updated regularly, and competency assessed and confirmed.
4.5 Principle 5: Intended cylinder-content shall be identified before filling

Before any cylinder is filled, it shall be clearly identified with the names and respective nominal
concentrations of the intended mixture components (or the mixture registered trade name where
appropriate). Alternative methods of identification that give an equivalent level of safety may be used.
The content and status of the container during the production process shall also be recorded.

4.6 Principle 6: Supply gases and cylinders shall be controlled

There shall be adequate controls to ensure that:

e only the intended gases are used to prepare gas mixtures; and

e cylinders are suitable for the mixture, properly prepared, and free of any contaminants that can
affect the safety of the filling process and/or the intended use of the mixture.

4.7 Principle 7: Facilities and procedures shall be audited

All operational gas mixing facilities and procedures shall be audited regularly for compliance with the
previous six principles, 4.1 to 4.6.

5 Feasibility and classification of gas mixtures

There are more than 100 commonly available liquefied and permanent gases and a large number of
liquids whose vapours are used in the formulation of gas mixtures. Gas mixtures can contain any
number of components at almost any concentration, provided they are safe and technically feasible to
produce. Hence, the potential range of available gas mixtures is almost infinite. This section gives
basic guidance on the types of gas mixtures produced and the constraints that may be applicable to
their manufacture.

5.1 Gas mixture availability constraints
The main constraints on the availability of gas mixtures are concerned with:

e Safety—The gas industry will not manufacture any gas mixture that could compromise the
integrity of the cylinder, valve, dip tube, or filling system; and

e Technical feasibility—The physical and chemical properties of some mixture components have a
limiting effect on what can be practicably manufactured (e.g., a very low vapour pressure can limit
the concentration of the component and the final filling pressure of the gas mixture).

5.2 Gas mixture categories

Generally, gas mixtures can be grouped into two broad categories:

e Standard gas mixtures—those that are filled repeatedly on a large scale. Normally these are

relatively simple, containing a_small number (typically two or three) common standard gas
components with filling and analytical tolerances that are not critical; and

e Special mixtures—those that are filled on a smaller scale than standard gas mixtures. These
mixtures are frequently more complex than standard gas mixtures.
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6 Gas mixing instructions

Gases and vapours may be mixed in any combinations at any concentrations provided the mixture is
technically feasible and safe, i.e., components are compatible with each other and with the cylinder
and its valve, both during filling and after mixing. The purpose of this section is to set out the
principles and controls necessary to ensure safe gas mixing instructions can be formulated and
issued. Some additional guidance is given on possible gas mixture filling strategies.

6.1 General controls

Gas mixtures shall only be filled against written and approved procedures. Such procedures shall
cover both the filling equipment to be used and the specific gas mixture to be prepared.

6.2 Mixture-specific manufacturing instructions

Instructions specific to the mixture to be filled shall include:

e details of the cylinder and valve and their preparation;

e components and quantities to be added and the sequence of addition;

e means and methods of measuring the components into the cylinder and the filling equipment to
be used;

e any special constraints relating to the rate at which the components are to be added (e.g., to
minimise temperature increases);

¢ method of mixing the components; and

e any intermediate analysis requirements (i.e., analysis to be carried out during the filling process to
confirm the correct quantities of some components have been filled before the addition of other
component[s]).

6.3 Personnel responsible for preparing & authorising gas mixing instructions

Such personnel shall have sufficient technical education and relevant experience to be able to fully
understand the chemical, physical and engineering principles involved in the formulation of mixing
instructions and their subsequent approval. There shall be a list of authorised personnel. Listed
personnel should not be placed under undue production or commercial pressures whilst preparing
and authorising gas mixing instructions. Such personnel shall work to formalised procedures and
instructions and shall work and communicate closely with the personnel who design gas mixing
facilities and who prepare gas mixtures.

6.4 Safety system
The safety system shall ensure that gases are not mixed without proper written and approved mixing

instructions and that the integrity of both the filling system and the containers being filled are not
compromised. The gas mixing instruction approval system shall take into account:

e Enquiry and quotation stage—to ensure that no commitment is given to prepare an unsafe
mixture;

o Acceptance of order into processing system—to ensure that orders for unsafe mixtures are not
accepted,;

e Formulation of gas mixing instructions—to ensure that formulation is only undertaken by trained
and authorised personnel;
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e Approval of gas mixing instructions—to ensure approval of written instructions prior to issue to
production (see 6.5); and

o Computer systems used to calculate and/or store gas mixing instructions—to ensure that non-
approved instructions are not released for production use. Safeguards against keying errors shall
be incorporated into the system.

6.5 Approval of gas mixing instructions

Gas mixing instructions may be formulated manually or with the aid of appropriate computer software
and database(s). Such software and database(s) shall be validated as correct and secure. Once
formulated, gas mixing instructions may be issued directly for use and/or may be stored in a computer
file for subsequent issue. Where a computer file is used for the storage and issue of previously
formulated gas mixing instructions, all entries into the file shall be checked to ensure there are no
keying errors including checking units of component concentration and method of measurement
during filling. There shall be no unauthorised modification of the file content.

Gas mixing instructions, whether formulated manually or with the aid of a computer shall be checked,
before issue for use or entry into a computer file for subsequent use as follows:-

e All instructions—by at least one competent person (the blender can be the competent person);
and

e Instructions for mixtures that contain potentially incompatible components—by at least one
additional competent person. For compressed oxidant-fuel gas mixtures refer to EIGA Doc 139

[1].
6.6 Adjustment of gas mixing instructions

The adjustment of existing gas mixing instructions shall be subject to the same rigorous controls as
new instructions. They shall not be adjusted without the authorisations detailed in 6.5.

6.7 Adjustment of existing mixtures

When a gas mixture is found to be out of tolerance after analysis, it is sometimes practicable to adjust
the composition of the mixture by addition of one or more of the mixture component gases. Before this
operation is undertaken, written instructions shall be formulated. Where the mixture adjustment
involves addition of a gas that is potentially incompatible with the existing mixture components, the
mixture adjustment instructions shall be reviewed according to 5.1 and approved by a competent
person who is accountable for safety.

6.8 Consideration of mixing methods

The methods generally available for the preparation of gas mixtures in cylinders are listed in the
following sections, together with the considerations necessary for safe operation. Combinations of two
or more of these methods may sometimes be used.

These methods are also described in ISO standards, see Section 11.

6.8.1 Static methods

In this method, the mixture is produced directly in the cylinder by adding measured quantities of each
of the mixture components. Mixing of these components may not be instantaneous and concentration
gradients can be present during and immediately after filling the cylinder. This shall be taken into
account to ensure that no dangerous mixtures can exist during filling. There are three commonly used
methods of measuring the quantities of mixture components into the cylinder during filling. It may be
appropriate to use a combination of these methods to prepare some gas mixtures. These static
methods are as follows:

Documents

Document Sharing Hub

Full document details: EIGA DOC 39 2022


http://www.avadocuments.com/doc/eiga-doc-39-2022
http://www.avadocuments.com/doc/eiga-doc-39-2022

