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PREFACE:

As part of a program of harmonization of industry standards, the Compressed Gas Association (CGA) has
issued CGA P-63, Disposal of Gases, jointly produced by members of the International Harmonization
Council and originally published by the European Industrial Gases Association (EIGA) as EIGA Doc 30,
Disposal of Gases.

This publication is intended as an international harmonized standard for the worldwide use and application
of all members of the Asia Industrial Gases Association (AIGA), Compressed Gas Association (CGA),
European Industrial Gases Association (EIGA), and Japan Industrial and Medical Gases Association
(JIMGA). Each association’s technical content is identical, except for regional regulatory requirements and
minor changes in formatting and spelling.

PLEASE NOTE:

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

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

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

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

Work Item 16-036
Specialty Gases Committee

NOTE—Technical changes from the previous edition are underlined.

SECOND EDITION: 2021
FIRST EDITION: 2013
© — Reproduced with permission from, the European Industrial Gases Association. All rights reserveDOC um ents
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1 Scope and purpose
1.1 Scope

This publication recommends disposal methods for more than 140 gases and their mixtures and provides safe
practices for the disposal of their containers when unserviceable. This publication reflects the concern of the
industrial gases industry to ensure that when the need arises for disposal of gases and mixtures, standards of
health, safety, and environmental quality continue to be maintained. Only environmentally acceptable methods
are proposed.

The principles, recommendations, and requirements in this publication may be applied to both routine and
emergency disposal operations; however, emergency disposal operations may dictate special or one of a kind

procedures.

1.2 Purpose

Dealing with damaged and/or unidentifiable containers (gas cylinders, drum tanks, and similar transportable and
pressurized vessels) is often an integral part of the gas disposal operation, and for this reason guidance on the
subject is included. However, such work is potentially dangerous and shall only be performed by experienced
and competent personnel following a risk assessment.

This publication should be used as an aid in the training of operators involved in the disposal of gases. The
sections have been written with this in mind, and in particular summary checklists have been added for use as
training modules.

It is the responsibility of the owner of the gas containers to dispose of the gas container in due time before they
cause additional risks for the personnel in charge of the disposal and/or the environment.

1.3 Key operations for safe remediation and/or disposal of contents and/or containers

Key operations may include:

e Identify container contents, see Section 7;

o Select disposal method, see Section 5;

e Safely dispose of container contents, see Section 6;

e Evacuate and/or purge container, see 8.3;

e Devalve container, see 8.4;

¢ Remove any noxious residues from the container, see 8.5; and
e Render container unserviceable and scrap, see 8.6.

NOTE—If doubt exists at any stage in the procedure, specialist advice should be obtained.
2 Definitions

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

21 Publication terminoloqy

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

21.2 Should
Indicates that a procedure is recommended. DOCU mentS
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21.3 May
Indicates that the procedure is optional.

21.4 Will
Is used only to indicate the future, not a degree of requirement.

21.5 Can
Indicates a possibility or ability.

3 Training and safety in the disposal of gases
31 Training

It is essential that all personnel engaged in the disposal of gases shall be properly trained and equipped and
their practical competence established before they engage in disposal work. In specific cases, local certification
may be required.

In some instances, the emphasis is on using experienced operators and it is important to understand that this
publication assumes that the operator's experience has also been reinforced with systematic and recorded
training.

All operators undertaking gas disposal work shall:

e be properly trained in practice and theory;

e have written instructions/checklists;

e be properly equipped with personal protective equipment (PPE); and

e be provided with correctly designed disposal plant and equipment, and, if expected to deal with emergency
situations, be trained to assemble emergency rigs from readily available materials.

3.2 Training procedure

Training shall be based on written instructions and procedures including checklists and shall be carried out by a
competent person. The training program shall be a blend of theory and practice, and each phase of training shall
be recorded and signed off on completion, by both the trainer and the trainee. Refresher training at predetermined
intervals should also be given.

3.3 Training scope
The training program should include:
e product and container knowledge, including identification of contents;

e knowledge of standard valve outlet connections, valve types, and pressure relief devices (PRDs), and their
applications;

e principles of disposal method selection;
e disposal procedures;

e basic understanding of applicable regulatory requirements for disposal of contents;

e personal protection and general safety; and

e risk assessment.

Documents

Document Sharing Hub

Thﬁd%%iwgegdiggggg%&ﬁ the sole use of the purchaser. It may not be shared with any other person or used after the expiration date

Full docums:vi 0 express written permission of the CGA. Any unauthorized use, reproduction, distribution, or modification of this printed page will


http://www.avadocuments.com/doc/cga-p-63-2021
http://www.avadocuments.com/doc/cga-p-63-2021

Licensed for the sole use of the purchaser. See license agreement penalties for distribution.

CGA P-63—2021 COMPRESSED GAS ASSOCIATION, INC. PAGE 3

3.3.1 Product knowledge

The training program should provide operators with:
e understanding of the general properties of gases; and

e more detailed understanding of the physical and chemical properties of the specific gases they are handling,
and particularly their hazardous properties.

The safety data sheets (SDS) shall be available and used during the training.
3.3.2 Container knowledge

Training should include:

¢ basic knowledge of the containers and how to handle them safely;

o key features of valve design and the purpose of any safety devices fitted,;
e identification of cylinder contents.

3.33 Selection of a disposal method

Even where operators have the disposal method prescribed, it is recommended that they understand the disposal
options and the principles of selecting an appropriate disposal method.

3.34 Operation of disposal plant/equipment

Training shall be carried out in conjunction with written procedures that shall include coverage of all
foreseeable/potential hazards.

Safe handling methods of any chemical reagents and the disposal of any resultant spent chemicals or by-
products should also be included.

Emergency procedures in the event of spillage, leak, fire, etc., should be considered, documented, and practiced.
3.3.5 Personnel safety

For training in personnel safety to be effective it shall be supported by written, clear, practical, and authoritative
rules on the use of PPE.

PPE likely to be covered in the training are:

eye and face protection;

e breathing equipment;

e head protection;

e body protection (chemical resistant and or flame retardant clothing, safety shoes, gloves);
e hearing protection;

e gas monitors; and

e any other PPE that could be required to handle the materials.

The operator shall also be trained in the understanding and use of installed safety features such as special
ventilation systems, fire prevention/firefighting equipment, and gas monitoring systems.
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34 Safety—Design of plant and equipment
Proper design of plant and equipment is a prerequisite for safe operation.
Key features to check are:

e design shall be carried out by a competent person and should be checked by someone other than the
designer;

e risk assessment shall be carried out including routine disposal operations;

o all pipes and vessels shall be designed to contain any pressure likely to be experienced and the design and
working pressures should be known by the operator; and

¢ all materials used shall be compatible with the gases to be dealt with.
3.5 Safety checklist
e Are the methods and procedures written down and approved;

e Are the intended disposal processes and the gases covered by the site operating permit;

e Are the written procedures available in the working area;

e Has the equipment been properly designed particularly for materials compatibility and pressure;
e Are adequate warning notices displayed and is the area restricted to authorized personnel;

e Are emergency procedures prepared and understood;

e Has the operator been formally trained and has the training been documented;

o Does the operator have the correct PPE and been trained to use it;

e Should breathing apparatus be available? If yes, is it functioning correctly, properly located, and is the
operator trained to use it;

e Are trained first aid responders and first aid equipment available;
¢ Have adequate preparations been made for treatment of persons exposed to the gases being handled;

e Have adequate preparations been made for decontamination of persons and equipment exposed to the
gases being handled;

e If highly toxic and/or corrosive gases requiring specialist medical treatment are being handled, have the local
medical services been informed;

e Are medical treatment protocols available for the products being disposed;

e Is the SDS available for the product to be disposed;

e Is the disposal system capable of handling the quantity and type of gases to be treated; and
e Are spent chemicals appropriately segregated and disposed of according to their properties.

Operators shall not put gases for disposal into the disposal system without first establishing the compatibility of
the gas with the disposal system and the capacity and performance of the system. A waste basket approach is
prohibited on grounds of safety.
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4 Selection of a disposal method [1, 2, 3]"
41 Introduction
There are many disposal methods available. |t is the responsibility of a competent person to select an appropriate

method for the condition that exists. In the absence of a specific procedure, the selection of an appropriate
method shall be based on a risk assessment.

It is important when disposing of a gas that new safety problems are not created. For example, it is of little value
to dispose of a gas by burning if the products of combustion sent to the atmosphere are just as toxic as or more
than the gas being treated. Nor is it helpful if the disposal of a gas by scrubbing results in a chemical equally as
toxic and difficult to get rid of as the original gas.

There are four principal methods of disposal listed by order of preference:

recycling;

absorption/adsorption/reaction;

e burning or incineration; and

e venting to the atmosphere.

These methods are further detailed and described in Section 5.

In Appendix A, recommendations are made for the methods of disposal of all gases listed. When selecting a
method, there are three important considerations:

e characteristics of the gas being treated;
¢ local conditions, regulatory requirements, and operational constraints; and
e quantity of gas to be disposed.

For most gases, several methods are recommended. The person responsible for the disposal operation shall
select a method and prepare instructions taking local conditions, regulatory requirements, and operational
constraints into account. When designing equipment and selecting disposal methods, due care and attention
should be exercised.

Venting to the atmosphere by dilution should be avoided for gases that cannot be vented in pure form because
of environmental considerations.

4.2 Gas characteristics

It is essential that the operator be fully aware of the main characteristics of the gases being disposed. Of particular
importance is if they are toxic, flammable, oxidizing, harmful, or corrosive. Each of these characteristics can
dictate which methods of disposal are practical and effective.

Other characteristics that need to be known are whether the gases have any warning properties by smell or sight,
what materials they are compatible with and which materials are prohibited, whether the gases are liquefiable or
permanent, and the possible reactions with the atmosphere.

Information on the physical properties is also important. Density of the gas relative to air, boiling point, and vapor
pressure should be known when dealing with liquefied gas.

Because certain key gas characteristics are so important to the disposal operation, they have been listed in
Appendix A. More information on the gases shall be obtained from the SDS of the suppliers and from the
publications referenced in Section 9.

. | Documents
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4.3 Local conditions, regulatory requirements, and operational constraints

While the fundamental requirement not to damage the environment is of overriding importance, it shall still be
acknowledged that local conditions can affect the choice of method used. Where disposal has to take place in
the midst of other activities, the precautions may be more stringent than when disposal is carried out in an open
and isolated region. In the former case, weather conditions can also play a part. Precautions may have to be
taken when windless and inversion conditions prevail.

This publication has tried to take into account legislation/regulations; however, it is the responsibility of the
operator to ensure awareness of and compliance with all regulations and legislation applicable to the location.

4.4 Quantity of gas

Quantity of gas to be disposed of is an important consideration when designing and operating the system. The
system shall be operated so the quantity of gas being disposed of shall not exceed system capacity.

4.5 Disposal checklist

Considerations when choosing method of disposal:

Gas characteristics Local conditions and constraints Quantity (kg)
Toxic Available space Small
Flammable Other activities in vicinity Medium
Oxidant Weather conditions Large
Corrosive Availability of expertise and equipment

Pyrophoric Condition of container and valve

Harmful to the environment Legislation/Regulation

Warning properties
Pressure/vapor pressure
Liquefiable/compressed
Boiling point
Density relative to air
Compatible materials
Combination of the previous
characteristics

5 Methods of disposal [1, 2]

5.1 Introduction

This section describes the basic principles of the four disposal methods:
e recycling;

e absorption/adsorption/reaction

e burning or incineration; and

e venting to the atmosphere.

In the case of mixtures, more than one method can be necessary. Recovery and recycling of the gases should
be considered in all cases provided it is safe to do so.

Each disposal method is named and detailed under the following headings:

e illustrative example of the disposal method;

e description of method;

e application; Documents
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e equipment design;
e operation; and

e operational precautions.

5.2 Index to methods
Method Section
e Method 1 Recycling of gases 5.31

e Method 2 Disposal of gases by absorption/adsorption/reaction

e 2A—Direct discharge into simple scrubber 5.3.2.1
e 2B—Discharge into counterflow scrubber 5.3.2.2
e 2C—Discharge into solid-state adsorber 5.3.2.3

e Method 3 Disposal of gases by burning or incineration

e 3A—Direct combustion (gas phase) 5.3.3.1
e 3B—Combustion/incineration (liquid phase) 5.3.3.2
e 3C—lIncineration (gas phase) 5.3.3.3

¢ Method 4 Disposal of gases by venting to the atmosphere

e 4A—Direct discharge from container valve 5.3.4.1
e 4B—Direct discharge from container valve into fume cubicle or hood 5.3.4.2
e 4C—~Controlled release through vent line 5.34.3
e 4D—Controlled dilution in forced air stream 53.4.4

5.3 Methods
Do not dispose of flammable or oxidant gases as mixed batches of cylinders.
5.3.1 Method 1—Recycling of gases

General principles—This is not a disposal method, as usually understood, but a technique for reclaiming residual
gases and returning them safely to suitable containers for re-use.

As a solution to dealing with residual gases, it is strongly recommended both in the interests of the environment
and the conservation of materials and energy. Recycling is a particularly favored technique when dealing with
high value gases, or gases that are expensive to dispose of due to their nature or because of the quantity
involved. Most recovered product may have to be reprocessed and purified before being re-used, and the cost
of such treatment should be taken into account when considering a recycling system.

It shall be stressed that recycling of gases is best carried out by the supplier of the material who has the necessary
product handling and container filling expertise. Material shall not be returned to a container without the written
authority of the owner of the container. The owner shall specify, or have agreed to, the method, equipment, and
procedures to be used.

Different transfer methods can be used. Liquefiable gases can be transferred to the recovery container in the
liquid phase either by pressurizing the container to be emptied with a compatible inert gas, by pumping, or by
creating a vapor pressure gradient.

Documents
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Gases can be recompressed into the recovery container using a gas compressor or by liquefying the gas
cryogenically into a suitable cryogenic receiver. It is important to ensure that any carbon steel container or
pipework is not used in contact with cryogenic liquids as they can become brittle at temperatures less than
—4 °F (=20 °C). The cryogenic liquid is then allowed to warm and the resultant gas passed into the recovery
container [4, 5].

When recycling gases, care shall be taken to ensure that the product to be recycled is not contaminated with any
material that could have a detrimental effect on the safety of the operation or subsequent use of the recycled
material. Care shall be taken when recovering liquefied gases that the recovery vessel will not be overfilled or
exceed the ADR filling ratio. For gases that can polymerize or that can decompose, ensure that the product is
pure, stable, or contains sufficient amount of stabilizer.

5.3.2 Method 2—Disposal of gases by absorption/adsorption/reaction

General principles—Disposal of certain reactive gases can be achieved by absorption/reaction in a liquid
(scrubbing) or by adsorption in a solid-state medium. The resultant solution and/or suspension or other absorption
product should be less harmful and more conveniently disposed of than the original gas.

This method can be used in conjunction with methods where harmful combustion products are evolved.

The choice of absorption/adsorption reagent medium and equipment used depends on a number of factors
including:

o reactivity of the absorption/adsorption medium with the gas;
e quantity of gas to be disposed of and frequency of disposal operations; and

e ease of treatment of the spent absorption/adsorption medium.
These factors shall be considered when selecting absorption/adsorption reagent medium and method.

5.3.21 Method 2A—Direct discharge into simple scrubber

BE @
i

_ _ B
—
2
°o°° ° Lo ® (/
W o ° o °
1. Packing medium (shingle) 6. Inlet gas purge (optional)
2. Absorbent chemical (reacting chemical) 7. Pressure indicator
3. Sight glass/rotometer (optional) 8. Suckback trap
4. Pressure control valve 9. Flow control valve (needle valve)
5. Nonreturn valve
NOTE—This is an illustrative example and not intended for design.
Figure 1—Method 2A: Direct discharge into simple scrubber DOCU ments
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5.3.21.1 Description of method

The gas to be disposed of is fed directly into the absorbent chemical. Under certain circumstances, liquefied gas
can be fed into the scrubber in the liquid phase following a risk assessment.

5.3.21.2 Application

This method is recommended where absorbent chemical is available that strongly and readily absorbs the gas
or reacts with it. Simplicity and portability can favor the choice of this method under emergency conditions. This
method should be restricted to gases that are not acute toxic category 1 (LC50rt1n <200ppm) or acute toxic
category 2 (LC50rat.1h <1000ppm) nor carcinogenic, mutagenic, or reprotoxic because of the risk of exposure to
the release of nonreacted toxic gas.

5.3.213 Equipment design

Equipment should be kept as simple as possible, should be suitable for the required working pressure, and
compatible with the gas and the absorbent chemical. It is desirable to maximize the contact of the gas with the
absorbent chemical. This can be achieved by constricting the end of the pipe dipping into the absorbent chemical
(to reduce the gas bubble size) and/or by submerging the pipe in a layer of coarse sand at the bottom of the
scrubber vessel.

A flow control system (incorporating a pressure regulator, if necessary) should be installed in the gas feed to
enable the gas flow to be matched to the capacity of the scrubber or by use of a sparger.

A suckback trap or a vacuum breaker should be incorporated in the line before the scrubber pot. A sight glass or
length of transparent pipe may also be installed between the regulated gas supply and scrubber to indicate
suckback conditions. A continuous inert gas purge also reduces the risk of suckback.

5.3.21.4 Operation

a) Purge air from the system with an inert gas if the gas or gas mixture is flammable;
b) Check that the flow control valve is closed;

c) Open the gas supply valve and adjust pressure regulator as appropriate (if fitted);

d) Slowly open the flow control valve until the scrubber capacity is achieved (i.e., maximum flow rate compatible
with complete gas absorption);

e) Renew the absorbent chemical as necessary. Dispose of spent scrubber chemical safely according to
legislation/regulation; and

f)  When the disposal operation is complete (or when renewing absorbent chemical), close the gas supply valve.
Purge the system with inert gas (where installed) and close the flow control valve.

5.3.21.5 Operational precautions
This operation should be carried out in a well ventilated or open area.

Ensure that the absorption/reaction is taking place effectively and safely throughout the disposal operation.
Constant vigilance is necessary to ensure no blockage, breakthrough, overheating, or chemical suckback occurs.

Particular attention shall be paid to personal protection when handling reactive absorbent chemicals such as
caustic or acids.

Ignition sources (including open flames, electrical equipment, static discharge) should be excluded if the gas is
flammable or if flammable gases can be produced. Care should be taken to avoid buildup of potentially explosive
flammable gas/air mixtures in and around the system. The temperature of the chemical should be checked to
avoid a hazardous situation arising. The capacity of the absorption/reaction vessel and the quantity of chemical
shall be sufficient to absorb all of the gas to be discharged.
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After concluding disposal operations, all equipment should be decontaminated and/or neutralized. Equipment
shall be maintained as many gases can be damaging to equipment.

5.3.2.2 Method 2B—Discharge into counterflow scrubber

BEF

4] S 1
B
|
B — i f ?
L {_
1. Vent to a safe place 8. Inert packing
2. Pressure relief valve (if required) 9. Absorbent chemical (reacting chemical
3. Barometric leg 10. Pump
4. Pressure control valve 11. Flow control valve (needle valve)
5. Vaporizer (if required) 12. Suckback trap
6. Nonreturn valve 13. Pressure indicator
7. Inert gas purge (if required)

NOTE—This is an illustrative example and not intended for design.

Figure 2—Method 2B: Discharge into counterflow scrubber

5.3.2.21 Description of method

The gas to be disposed of is fed into the counterflow scrubber. The gas can be fed directly as illustrated in
Figure 2. The source of gas can also be a fume cubicle or hood (see 5.3.4.2) or an incinerator (see 5.3.3.3).
Under certain circumstances, liquefied gas in its liquid phase can be fed into the counterflow scrubber following
a risk assessment but note that the pipework configuration shown in Figure 2 is not suitable for this.

5.3.2.2.2 Application

This method is recommended where a suitable absorbent or reacting chemical is available and where there is
an ongoing disposal requirement.

5.3.2.23 Equipment design

Equipment should be specifically designed by a competent person for its intended service. Materials of
construction should be compatible with the gas and absorbent chemical. Due account should be taken of
operating pressures and possible temperature rises from reaction between the gas and absorbent chemical.
Pumping alkaline absorbents present special problems. Pumps may have to be running continuously to prevent
the shaft sticking to pump housing.

Suitable arrangements should be made to ensure the system is monitored and shut down in the event of gas
breakthrough. To ensure safe and efficient performance, consideration should be given to monitoring the
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o efficacy of absorbent chemical (for example, pH);
e concentration of gas in scrubber vent; and
e temperature of absorbent chemical.

A barometric leg should be installed in the supply line to the scrubber to minimize the risk of absorbent chemical
suckback.

Consideration can also be given to the provision of an antisuckback device such as a liquid interceptor vessel
fitted with level switch actuating a solenoid valve.

A flow control system (incorporating a pressure regulator if necessary) should be installed in the gas feed to
enable the gas flow to be matched to the capacity of the scrubber.

An inert gas purge facility should be installed.
The scrubber vent should discharge to a safe well ventilated place away from personnel.

Consideration should be given to area electrical classification where gas is flammable [6, 7].

5.3.2.24 Operation
a) Check scrubber unit is operating correctly:
o efficacy of absorbent chemical
e operation of mechanical units such as recirculating pumps, agitators, fans, etc.
e operation of monitoring equipment
b) Purge air from the system with an inert gas if the gas or gas mixture is flammable;
c) Adjust the feed rate until specified gas flowrate is achieved;

d) Unless automatic shutdown arrangements are installed, supervise the disposal operation, correcting
flowrate, replenishing absorbent chemical, etc., as necessary;

e) When the disposal operation is complete, purge the system with inert gas and close the flow control valve;
and

f)  Shut down scrubber system and dispose of spent absorbent chemical safely.
5.3.2.2.5 Operational precautions

Ensure that the scrubbing system is operating correctly throughout the disposal operation either by automatic
monitors or by personal supervision.

Ensure that gas flowrate and quantity are controlled so the scrubber does not overheat and breakthrough does
not occur.

Particular attention shall be paid to personal protection when handling reactive absorbent chemicals such as
caustic or acids.

Ignition sources (including open flames, electrical equipment, static discharge) should be excluded if the gas is
flammable or if flammable gases can be produced. Care should be taken to avoid buildup of potentially explosive
flammable gas/air mixtures in and around the system.

Some gases, especially halogen acid forming gases, form a mist with moist gases that is not readily absorbed
by most types of scrubbers. These gases should either be fed to the scrubber in high concentration or diluted
with a dry gas to low concentration. The temperature of the chemical (Figure 2, no. 9) or in the scrubber
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(Figure 2, no. 8) should be checked to avoid a dangerous situation arising. The capacity of absorption/reaction
of the absorbent/reacting chemical shall be calculated to be large enough for the quantity of gas to be discharged.

After concluding disposal operations, all equipment should be decontaminated and/or neutralized. Equipment
shall be maintained as many gases can be damaging to equipment.

5.3.2.3 Method 2C—Discharge into solid-state adsorber

0 i 1
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707007
1. Vent to a safe place 6. Inlet gas purge
2. Pressure relief valve (if required) 7. Adsorbent
3. Pressure control valve 8. Temperature control unit
4. Vaporizer (if required) 9. Flow control valve
5. Nonreturn valve 10. Pressure indicator

NOTE—This is an illustrative example and not intended for design.

Figure 3—Method 2C: Discharge into solid-state adsorber

5.3.2.31 Description of method

The gas to be disposed of is fed into a vessel containing a bed of solid-state adsorbent. The gas can be fed
directly as illustrated. The source of gas can also be a fume cubicle or hood (see 5.3.4.2) or an incinerator
(see 5.3.3.3).

5.3.2.3.2 Application

This method is recommended where a solid adsorbent is available that strongly and readily adsorbs the gas.
Simplicity and portability of a small solid-state adsorber can favor the choice of this method under certain
emergency conditions.

5.3.2.3.3 Equipment design

Equipment should be constructed from materials compatible with the gas and solid-state adsorbent. Due account
should be taken of operating pressures and possible temperature rises from reaction between the gas and
adsorbent medium.

Factors to be taken into account when establishing the size of the solid-state adsorber include:

e required disposal rate;
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e quantity of gas for disposal; and
e acceptable frequency of changing/regenerating the adsorbent.
These factors will determine the dynamic and static capacity of the chosen adsorbent.

A distribution system should be incorporated in the adsorber to ensure good distribution of the gas in the bed of
adsorbent. Poor gas distribution can result in channeling and premature breakthrough.

The adsorbent particle size is an important consideration when establishing the design of a solid-state adsorber.
Generally, small particles give a high contact area and hence greater adsorbing efficiency; however, small particle
sizes can lead to clogging or high pressure drops and tendency for channeling through the bed.

Provision should be made to monitor the gas input flow and concentration of gas in the adsorber vent.
Consideration should also be given to monitoring the temperature of the adsorber and the need for a cooling
system.

A flow control system (incorporating a pressure regulator if necessary) should be installed in the gas feed to
enable the gas flow to be matched to the capacity of the solid-state adsorber.

An inert gas purge facility should be installed if practicable.
The solid-state adsorber vent should discharge to a safe, well ventilated place away from personnel.

5.3.2.34 Operation
a) Purge the system with an inert gas to remove air if the gas or gas mixture is flammable;

b) Check, as far as practicable, that adsorbent is not spent, for example, from the operating log, which records
cumulative throughput;

c) Adjust the feed rate until the specified gas flowrate is achieved;

d) Unless automatic shutdown arrangements are installed, supervise the disposal operation, monitor adsorber
vent for breakthrough, and adjust flowrate as necessary. When the disposal operation is complete, close the
gas supply valve; and

e) Purge the system with inert gas (where installed) and close the flow control valve.
Dispose of or regenerate solid-state adsorbent safely.
5.3.2.3.5 Operational precautions

Ensure that the solid-state adsorber is operating correctly throughout the disposal operation either by automatic
monitors or by personal supervision.

Ensure that gas flow rate and quantity are controlled so the scrubber does not overheat and breakthrough does
not occur.

Particular attention shall be paid to personal protection when handling reactive solid adsorbents.

Ignition sources (including open flames, electrical equipment, static discharge) should be excluded if the gas is
flammable or if flammable gases can be produced. Care should be taken to avoid buildup of potentially explosive
flammable gas/air mixtures in and around the system. The temperature in the adsorbent (Figure 3, no. 7) should
be checked to avoid a dangerous situation arising. The capacity of adsorption/reaction of the adsorbent
(Figure 3, no. 7) shall be calculated to be large enough for the quantity of gas to be discharged.

After concluding disposal operations, all equipment should be decontaminated and/or neutralized. Equipment
shall be maintained as many gases can be damaging to equipment.
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5.3.3 Method 3—Disposal of gases by burning or incineration

General principles—Disposal of certain gases can be achieved by burning or passing through a hot flame. Many
flammable gases can burn to form harmless products of combustion. Where toxic products of combustion are
formed, these should be dealt with subsequently using one or more of the other methods detailed in this
publication.

It is important that flame characteristics are controlled to ensure that the required reaction takes place. It is usually
possible to determine flame characteristics by visual observation and/or temperature measurement. Flame
control can be achieved by adjustment of the gas flows and/or by addition of an appropriate gas at a controlled
rate.

5.3.31 Method 3A—Direct combustion (gas phase)

O ()
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1. Pressure control valve 5. Nonreturn valve
2. Flame arrestor 6. Inlet gas purge
3. Flow control valve 7. Pressure indicator

4. Vaporizer (if required)

NOTE—This is an illustrative example and not intended for design.

Figure 4—Method 3A: Direct combustion (gas phase)

5.3.3.1.1 Description of method

The gas to be disposed of is fed into the burner and burned with an oxidant (usually air).

5.3.31.2 Application

This method is recommended for flammable gases that can be burned completely yielding nontoxic products.
5.3.3.13 Equipment design

Burner—The fuel gas is usually metered through a jet and mixed with the oxidant prior to burning. The oxidant
can be either injected from an external supply under pressure (for example, a welding torch) or drawn into the

fuel gas stream by venturi action (for example, a Bunsen burner).

Generally, burners that require addition of an oxidant or fuel under pressure have a wider application range.

Ignition—Ignition can be achieved either manually (matches, flint gun, etc.) or automatically (piezo crystal, hot
wire, pilot flame, etc.). Automatic ignition should be used where practical. Documents
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