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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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TECHNICAL SPECIFICATION ISO/TS 19883:2017(E)

Safety of pressure swing adsorption systems for hydrogen
separation and purification

he design,
ation and
purification. It applies to hydrogen pressure swing adsorption systems that process all Kinds|of impure

hyd dsorption
systems for hydrogen separation and purification in commercial or industrial use. This [document
al d by local
reg

Thi scope of this document includes the equipment depicted within the dashed lines in Figurg 1
Feed - f’roduct
Tail-gas
pup >

Figure 1 — Example of typical'‘equipment in PSA system for hydrogen separation fand
purification

2 | Normative references

The following documyents are referred to in the text in such a way that some or all of thejir content
constitutes requirements of this document. For dated references, only the edition cited applies. For
unfated referenices, the latest edition of the referenced document (including any amendmentf) applies.

IS 4126-1.Safety devices for protection against excessive pressure — Part 1: Safety valves

ISQ A1114-1, Gas cylinders — Compatibility of cylinder and valve materials with gas contents|— Part 1:

Mdtallic materials

ISO 11114-2, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 2:
Non-metallic materials

ISO 11114-4, Transportable gas cylinders - Compatibility of cylinder and valve materials with gas
contents — Part 4: Test methods for selecting metallic materials resistant to hydrogen embrittlement

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements
[EC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atmospheres
[EC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and erection

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

© IS0 2017 - All rights reserved 1


https://standardsiso.com/api/?name=5977e7a999779b487d85897badc957e2

ISO/TS 19883:2017(E)

IEC 60529, Degrees of protection provided by enclosures (IP Code)

[EC 60364-4, Low-voltage electrical installations — Part 4: Protection for safety

NFPA 56, Standard for Fire and Explosion Prevention during Cleaning and Purging of Flammable Gas

Piping Sys

tems

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IH
— IECE
— ISOO0

3.1
pressure
PSA meth
gas separ
different
reject imp

Noteltoe
the continy

3.2

vacuum [
system fo
(achieved

3.3

pressure
hydrogen
through t

3.4

adsorber
vessel in
can be vel

3.5

adsorbent

solid mats

ectropedia: available at http://www.electropedia.org/

hline browsing platform: available at http://www.iso.org/obp

swing adsorption method

od

htion method that takes advantage of the selective adsorption of-@solid adsorbent (3.5)
pases and the ability of solid adsorbents to adsorb more impurities at high pressure and
urities at low pressure

htry: PSA, as practiced commercially, is a batch process utilizing multiple adsorbent-loaded vessels
ous purification of a gas stream.

ressure swing adsorption

with vacuum pumps) to improve the performance of the system

swing adsorption system for hydrogen separation and purification
generation system that separates and purifies hydrogen from an impure hydrogen stre
e pressure swing adsorption process

which the adsorbent (3:5) used for hydrogen separation and purification is contained, wh
tical vessels

rials used/to adsorb gas impurities from the impure hydrogen streams, thereby realizing

separatiof of the-hydrogen from the other gases

3.6

C maintain terminological databases for use in standardization at the following addresses}

for
to

for

" hydrogen separation and purification that relies on desorption at sub-atmospheric pressuire

ich

he

process c

ontrol valves

operational devices that can open or close to regulate flow in response to a signal from the control
system (3.7)

3.7

control system
system that performs operations such as opening and closing process control valves (3.6), system
troubleshooting, product quality control, or optimization of process parameters
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3.8
tail gas
gas remaining after the impure hydrogen mixture is purified through the PSA system

Note 1 to entry: Other names for tail gas are desorbed gas, purge gas, or off gas.

3.9

stationary PSA system for hydrogen separation and purification

PSA system in which all equipment and piping are permanently mounted to the equipment foundation(s)
and piping support structure

system in which some or all of the equipment and piping are affixed to one o1 morg skids, or

fire separation distance
dijtance between the PSA system and nearby buildings (3.15) that is reqtired in order to pfevent fire
frgm spreading from a PSA system to nearby buildings

3.12

bufffer tank
vessel that receives the desorbed gas from the adsorbers (3.4)(PSA system) or from the vacuum pumps
(3.JL3) (VSA system) and minimizes the composition and présstre variation of the desorbed gas

Nofe 1 to entry: A buffer tank may also be referred to as a sur'ge drum.

3.13

vafuum pump
deyice used for evacuating the adsorbers (3.4)dtring the desorption stage, allowing the adsorbents (3.5)
to pe desorbed and regenerated at sub-atmespheric pressure to improve performance of a PSA system

3.14

conhtainer
enflosed construction or bracing structure fabricated to avoid the effects of specific envifonmental
anfl climatic conditions, or protect personnel and livestock from accidental contact with the dlangerous
components of a small hydrogen PSA system

3.15

bujilding
stijucture that hassa-troof and walls, with the similar function as a container (3.14) for a hydrogen PSA
system or the eomiponents of a hydrogen PSA system

3.16
hyfdrogen.embrittlement
degradation of metal material properties due to the presence of a hydrogen environment

4 Basic specification

4.1 Feed stream pressure

PSA systems for hydrogen generation and purification typically have feed gas pressures ranging from
0,3 MPa to 6,0 MPa. The operating pressure cycles from full feed gas pressure during adsorption to
near atmospheric pressure (0,03 MPa) or vacuum (-0,09 MPa) during desorption.

© IS0 2017 - All rights reserved 3
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4.2 Working temperature

The normal working temperature is between 5 °C and 40 °C for a PSA system for hydrogen separation
and purification.

4.3 Assembly

A PSA system for hydrogen separation and purification can be stationary or skid-mounted based on the
end use of the hydrogen product and on the hydrogen throughput. Small PSA systems may be installed
within containers, if allowed by local regulations.

4.4 Material properties

4.4.1 Fe¢ed stream pressure

Metallic gnd non-metallic materials used in the construction of internal or external-parts of a BSA
system for hydrogen separation and purification should be suitable for all physical, chemical, gnd
thermal donditions, both test conditions and operating conditions, for the design lifetime of the
equipmenit. The compatibility of materials shall be evaluated to comply with-ISO 11114-1, ISO 11114-2,
ISO/TR 13916 or local regulations.

4.4.2 Working temperature

When ferfous metal is used in a PSA system, adequate consideration and analysis shall be talfen
according|to ISO/TR 15916, ISO 11114-4 or the local regulatiods:For the non-metal materials contactjng
with hydrpgen, the hydrogen permeability shall be consideréd.

5 Safety requirements of the PSA system
5.1 General hazards associated with the PSA system

5.1.1 General hazards associated with hydrogen gas

Hydrogen| is colourless, odourless(and highly flammable; it burns with a nearly invisible flame|in
daylight. It can form an explosivé.mixture with air, and its lower and upper explosive limits in air are
4 % and 7P % (percent by voluime) at atmospheric temperature and pressure.

Hydrogen|in air will displace ‘oxygen and may result in asphyxia if the partial pressure of oxygen in air
reduces djie to high hydrogen concentration.

5.1.2 General hazards associated with system leakage

Due to its| low~molecular weight and small size, hydrogen leaks easily from flanges and other sealing
surfaces (e.g/vent valves). Hydrogen is highly buoyant due to its low specific gravity, and it can fofm
large areas of flammable or explosive gas. Because hydrogen is colourless, the extent of a flammable
area is not readily identifiable.

5.1.3 Hazards related to pressure

Normal pressure swings during the PSA process will cause alternating stress on the adsorbers, process
control valves, and piping, which could lead to cracks in the vessels or piping or to another failure mode.

The failure of hydrogen PSA equipment or piping can result in the rapid release of energy due to the
high pressure of the equipment. The resulting shock wave may damage surrounding equipment.

4 © IS0 2017 - All rights reserved
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5.1.4 Hazards related to ignition of hydrogen

Ignition of hydrogen due to a leak to atmosphere from a hydrogen PSA system will cause energy/heat
release or explosion. As heat is released through combustion of hydrogen, the gas within the PSA system
will expand due to the increase in external temperature, and the material properties of the PSA system
may degrade. The combination of increasing temperature and pressure and degradation of the material

properties could cause piping or vessel failure.

5.2 Safety specifications in the field

5.2

Fe
na
off
sh
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stg
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op
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dr

.1 General hazards

bd gases of the PSA systems for hydrogen separation and purification include syn-gas)gene
fural gas, ammonia cracking gas, coal gas, coke oven gas, ammonia tail-gas, methanol off-ga
Lgas, etc., and the hydrogen content may be more than 25 %. The oxygen contént’in the fe
11l be restricted to ensure combustible gases, such as hydrogen, are away frem'their flamm

A hydrogen systems shall be sited according to the requirements of the-applicable nati
ndards and the construction and materials requirements shall be based on the partial

eration. The PSA control system should be designed to move thePSA to a safe state on det
ure via the PSA control system.

fire protection system shall be considered for a hydrogen PSA system. Possible fire |
asures include a means to shut down the PSA quickly (either automatic or manual), a
tem, a deluge system, or a dry-chemical extinguishing system. Small fires may be exting
-chemical extinguishers, carbon-dioxide extinguishers, nitrogen, or steam. Water may }

ated from
5, refinery
ed stream
able limit.

al safety

;Jerssure of
Hrogen. PSA designs shall account for all circumstances that are.anticipated during the life of their

bction of a

brotection
sprinkler
uished by
e used to

co¢l equipment adjacent to a hydrogen fire.

5.2.2 Layout considerations

Th|
pu
When a valve skid is designed such that the piping and valves are arranged in multiple levels

a lhrge horizontal area, platforms constructed of steel grating should be used to prevent 3
spgce where hydrogen couldybuild a flammable atmosphere.

e layout of equipment and buildings-associated with a PSA system for hydrogen sepaiation and

Fification shall conform to local requirements for fire separation distance.

that cover
| confined

A PSA hydrogen systémi-installed within a container shall be designed and constructed to
regsonably foreseeable risk of fire or explosion posed by the system itself, or by the feed ga|
gas, or tail gas.

avoid any
s, product

The containers shall have the strength, stability, durability, resistance to corrosion, and othd
properties~to support and protect all PSA hydrogen system components and piping. (
should also meet the requirements of storage, transport, installation, and final location cor
ac¢ordance with ISO 16110-1 or other applicable national or local regulations.

r physical
ontainers
ditions in

Containers intended for indoor use shall be designed and tested to meet a minimum degree of protection
of IP 20 as per IEC 60529. The PSA hydrogen system used in outdoor locations shall be designed and
tested to meet a minimum degree of protection of [P 44 as per IEC 60529.

5.2.3 Buildings and ventilation

5.2.3.1 General
Small PSA systems for hydrogen separation and purification may be enclosed within a building. Other

equipment associated with hydrogen PSA systems may be enclosed within one or more standalone
buildings. Examples include valve skids, vacuum pump for desorbed gas, control systems, and analyzers.

© IS0 2017 - All rights reserved
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5.2.3.2 Buildings

Buildings shall be designed to the appropriate hazardous area designation based on the potential for
hydrogen to be present due to leaks or other breakdown (e.g. Zone 2 per IEC 60079-10-1).

The distances between buildings, structures and equipment shall comply with local requirements for
fireproof distance.

Enclosed buildings, if utilized, shall be designed as explosion-proof type. Alternately, for non-explosion
proof buildings, the ratio between the pressure relief area and the building volume shall comply with
local regulations. The area used for pressure relief could be a light roof, a wall, a door, or a window.

5.2.3.3 |Ventilation of buildings

Buildings|shall be designed with ventilation equipment that is interlocked with flammable or'toxic gas
detectors

When the| provided ventilation influences the type of area classification, that area should be purged
with a mipimum of five air changes prior to energizing the devices. Alternativély,the system may|be
provided with composition measurement capabilities that control the amount of purging required| to
achieve leyels below 25 % of the LEL.

Purging need not be performed if the atmosphere within the compartment and associated ducts can|be
demonstrated by design to be non-hazardous.

Appropridte methods shall be adopted to prevent non-essential staff from entering buildings qnd
approaching equipment. The main entrance shall be constructed according to applicable specificatigns
and regulations. Fire-fighting equipment shall be readily acceéssible.

Any build]ng that staff can enter shall be equipped withan emergency exit opening outwards. Any dgor
with a latfh should be equipped with a rapid unlocking mechanism such that the door can be operjed
without dglay.

5.2.3.4 [PSA hydrogen systems installed'within containers

Containers housing PSA hydrogen systems shall be mechanically ventilated. Failure of ventilatipn,
confirmed by measurement of flow;pressure, or the current of the ventilating device, shall trigger{an
audible ot visible alarm and may trigger a PSA hydrogen system shutdown. In systems intended [for
outdoor use, containers may be,positive pressure ventilated as per IEC 60079-2 or other applicaple
code or regulation. The maxifmum concentration of any flammable gas in the system ventilation exhafist
should be|below 25 % of the)LFL during all operation conditions.

5.2.4 Explosion-proof area and explosion-proof grade

Classification of all areas associated with the hydrogen PSA system that have an explosion hazard shall
comply with1EC 60079-10-1 or other applicable local regulations.

Outdoor areas near PSA equipment and well-ventilated areas inside buildings shall be classified based on
the potential for hydrogen to be present due to leaks or other breakdown (e.g. Zone 2 per [EC 60079-10-1).

The explosion-proof grade of electrical equipment should not be lower than the grade and group of
explosive hydrogen mixture: I[IC T1.

Electrical equipment and wiring in areas with explosion hazard shall be selected and configured in
accordance with IEC 60079-0 and IEC 60079-14 or other applicable local code or regulations.

6 © IS0 2017 - All rights reserved
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5.2.5 Electrostatic grounding

5.2.5.1 General

Electrostatic grounding shall be carried out for the objects that can result in electrostatic hazard
because the PSA system for hydrogen separation and purification may generate and accumulate static
electricity. Dedicated electrostatic grounding connectors shall have a resistance to ground according
to the requirements of IEC 60204-1, IEC 60364-4 or applicable local code or regulations. When other
grounding devices are used for electrostatic grounding, their grounding resistances shall be selected
based on applicable local code or regulations covering such grounding devices.

5.2.5.2 Adsorber and buffer tank

Englosures of adsorber, buffer tank and other stationary pressure vessels shall be subject to eldctrostatic
grounding. Equipment with diameter of not less than 2,5 m and volume of not less‘than 50 m3 should
haye at least two grounding points and the grounding points should be evenly)distributed|along the
periphery of the equipment with an interval of not more than 30 m.

5.2.5.3 Piping system

i}

El¢ctrostatic grounding should be provided at the inlet and outlet-of the unit, at the boundary of areas
with different explosion hazards, at pipe branches, and every 80'mto 100 m along straight pipes. When
the¢ net distance between parallel pipes is less than 100 mm, jumpers should be provided eyery 20 m
to prevent a spark jumping from one pipe to another. Whent‘the distance between two pipes that cross
eath other is less than 100 mm, a jumper should be proyided where the pipes cross.

Mdtal flanges fastened with metal bolts or clamps areusually not provided with additional elgctrostatic
wife, but it is required to ensure good conductive\contact between four bolts or clamps at a npinimum.

5.2.6 Flammable and toxic gas detection alarm

Combustible gas detectors shall be installed in unit areas. When toxic gas exists and may result in
injuries to personnel if leaks form, toxic gas detector(s) shall be installed.

Thee monitoring points should.be located at such places where gas tends to accumulate and sampling
anfl detection can be carried put easily in accordance with physical and chemical propertief of gases,
fedtures of release source,layout of production area, geographical conditions, environment ard climate,
opgration and inspectidn routes, etc.

Somne of the places where combustible or toxic gas leakage or accumulation may occur:
—| seals of vacium pumps or compressors;
—| gas sampling ports and associated analysers;

—| drains and vents;

— equipment or piping flanges;
— valve packing;
— buildings or containers associated with the PSA system.

When combustible gas in the air is 25 % of its lower explosive limit, or when the toxic gas concentration
reaches 25 % of the permissible exposure limit, audible and visual detection alarm shall be activated at
site. In addition, the alarm signal shall be sent to the control room or operation room.

The number of flammable and toxic gas monitoring points should depend on the location of possible
release sources and the ventilation conditions.

© IS0 2017 - All rights reserved 7
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5.3 Safety specifications of equipment and piping

5.3.1 General specification

Adsorbers are the primary components of the PSA system for hydrogen separation and purification,
and their performance determines the performance of the PSA system. The vessel dimensions, internal
component design, and adsorbent selection and amount are chosen to optimize hydrogen recovery
rate and manufacturing cost, to prevent adsorbent leakage and particle fluidization, and to ensure
mechanical strength within the design life cycle.

5.3.2 Szlfety specifications of adsorbers

5.3.2.1 [General

Individua] adsorbers of hydrogen PSA systems are in cyclic service and will typically withstand abgut
1 million [cycles after 10 to 20 years of operation. So fatigue is an important mode, of failure to|be
considerefl, aggravated by the presence of hydrogen.

An adsorher is designed for a given pressure and number of cycles, and espécially all assemblies are
designed according the corresponding S-N curve, as weld joints are primarily areas of crack initiatjon
due to fatjgue.

The main|parameters that affect fatigue resistance of adsorbers, ekcept intrinsic stress variation ffor
PSA procgss, are the effect of exposure to hydrogen (called hydrogén embrittlement), weld quality, gnd
fabricatioh quality (e.g. peaking, misalignment, and corrosion fatigue).

5.3.2.2 ydrogen embrittlement

The susceptibility to hydrogen embrittlement is strongly dependent on the materials’ strength
properties and hydrogen environment.

Gaseous hydrogen embrittlement generally occuirs at close to ambient temperatures for carbon steel| In
combinatjon with the cyclic fatigue mechanism through fluctuating bending stresses (i.e. pressures] in
the PSA system with the presence of atomic’hydrogen in dislocations causes accelerated crack growth.

The greatgr the hydrogen purity, the'more pronounced the embrittling effect since the impurities mpst
frequently encountered in hydrogen (i.e. traces of oxygen and water vapour) have an inhibiting effectjon
embrittleent. Sulfur dioxide and'carbon monoxide also have an inhibiting effect. Other impurities (¢.g.
methane, nitrogen) do not se€m to have any appreciable effect. Some impurities (e.g. carbon dioxjde
and espedially hydrogen sulfide) have an accelerating effect on hydrogen embrittlement.

The pararheters thatishould be considered related to hydrogen embrittlement are the environment (fi.e.
operating|conditions); the design, and surface condition and the materials. As hydrogen embrittlement
is similar|to a st¥ess corrosion phenomenon, the stress level is of paramount importance. All formg of
stresses (¢.g-thérmal, pressure, mechanical, etc.) should be considered in a hydrogen PSA system.

5.3.2.3 Geometric discontinuities (peaking)

Geometric discontinuities are also important as they can create high local stress that will reduce
significantly the fatigue lifetime of the vessel. Geometric discontinuities include those created by
manufacturing tolerances (e.g. misalignment, peaking, out of roundness) which are here much more
critical than for a static vessel.

Peaking is a deviation from a true circular shape located along a longitudinal weld of a shell.

Taking peaking into account requires measuring the distance “delta” to theoretical circle
(outside = “roof” shape or inside = “heart” shape).

8 © IS0 2017 - All rights reserved
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For defining the maximum acceptable peaking size, pressure vessel codes, such as ISO 16528-1 or local
applicable code or regulations, should be consulted.

5.3.2.4 Corrosion

Under some conditions in a hydrogen PSA system, adsorbers could be affected by internal corrosion in
case of the presence of condensate in the bottom head, even in the presence of hydrogen.

In the presence of corrosion and pressure cycling conditions, a crack could be initiated at corrosion pit
and could be propagated by fatigue.

5.3
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In [cases where buffer tanks with different operating pressures are connected, the buffer
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copsideratien'should be given to selecting control valves that will have minimal leakage over
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5.3

.2.5 Design and manufacture

e design and manufacture of the adsorber should comply with the appropriate-local an
essure vessel regulations, and consideration shall be given to the impact of alternating str
re is chance of failure or damage in the vessels because of accumulation of plastic strain.

e welding of any plate on the adsorbers should be minimized, and when pérformed, the eff
ernating stress should be evaluated.

ckets should be selected to prevent leakage from the adsorber véssels during normal ope
withstand the change in conditions during startup and shutdown:

.3 Safety specifications of the buffer tank

manufacture of the buffer tank should conform e the requirements of ISO 16528-1

uld be located such that there is no direct impact on adjacent tanks in the event of leakag
ffer tank(s).

eparate safety system should be installed for each buffer tank if it is possible to isolate

ir design pressures differ. If there is no potential for the buffer tanks to be isolated from ¢
ingle safety system may be.used if the design pressure of the vessels is identical or if

tem is designed to maintain the pressure below the lowest buffer tank design pressure.

4 Safety specifications of process control valves

bcess control «valves act frequently. The failure of process control valves may result
tem malfurniction, adsorbents damage, or equipment overpressure. During the PSA des

valve.
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.5~ Safety specifications of piping

5.3.5.1 General specification

Materials for pipe and pipe fittings of the PSA system for hydrogen separation and purification should
be selected in accordance with the requirements set forth in the appropriate local and national pressure
piping specifications.

5.3.5.2 Piping design

In the design of piping directly connected to the adsorbers, for example, the piping between adsorbers
and process control valves, consideration should be given to the impact of alternating stress (caused by
the frequent pressure change) on the pipe strength.

©lI
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Pipe sections under thermal expansion and contraction should be designed and laid out based on
flexibility calculations and thermal compensation requirements.

The piping system should be equipped with nitrogen purging facilities.

Pipe supports should be designed and located in accordance with the requirements set forth in the
appropriate local and national pressure piping regulations.

5.3.5.3 Safety relief devices

If the desjgnpressureof the PSA system piping or vessels-is less than the upstream or dewnstream
design pressure or if the PSA system is subject to a fire or other thermal relief case, relief valves\nmay
be requir¢d to protect the PSA system equipment. Common locations for relief valves are dowfistrepm
of the feed stream inlet shut-off valves and on the buffer tank(s) (see Figure A.1). Any relief valves sHall
comply with ISO 4126-1 or other applicable local code or regulations.

5.3.6 Sifety considerations for operations and maintenance

Because hydrogen PSA systems contain flammable and/or toxic gas during nopmal'operation, thoroygh
purging of the PSA system prior to maintenance and before returning the system to service is essentjal.
For this r¢ason, hydrogen PSA systems shall be designed with sufficient vents to enable purging of the
PSA system. Dead legs should be minimized since pockets of trapped gas(can be difficult to remove.

Consideradtion should be given on the direction in which gas will flew. Purging is typically conducted in
a top-down direction to avoid migration of water from the lower, [ayer(s) of adsorbent onto the upper
layer(s).

Hydrogen| PSA systems are typically purged with nitrogen. The PSA system design should inclyde
connectiops to enable flow of nitrogen into the piping ahd vessels. PSA system designs should inclyde
connectiops at the appropriate locations to facilitate ditrogen purging during adsorbent removal.

If any portion of the PSA system being purged‘is-located indoors, precautions shall be taken durijng
purging and when checking oxygen or flammable gas levels to prevent flammable gas build up|or
oxygen ddficient condition within the building or enclosure.

Prior to npaintenance, purging shall réduce the flammable gas concentration to less than 25 % of the
LEL acconding to NFPA 56 or to thé level prescribed by local code or regulations. Before placing the
PSA system in operation, the oxygen level shall be reduced to 60 % of the minimum oxygen (limitjng
oxidant) doncentration required to support combustion.

There is g particular risk(efair ingress into the feed stream when operating the PSA system at syib-
atmosphefic pressures:

5.3.7 Sifety specifications of inspection and test

5.3.7.1 on-destructive testing

100 % non-destructive testing should be applied to welds of the piping where connected to adsorber
vessels because those welds are subjected to cyclic stress. The testing method should accord with
ISO 17636-1 or local requirements.

The grade of welding should be in accordance with ISO 5817, ISO 3834-1, ISO 3834-2 or related local
regulations.

5.3.7.2 Principle of pressure testing

Hydraulic testing is preferred for piping pressure tests. When pneumatic pressure testing is used on
piping, test procedure and appropriate safety measures should be taken as required by ISO 15649 or
local requirements.
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When pressure testing a section of piping that contains instrumentation, the test pressure shall not
exceed the maximum allowable test pressure of the instruments unless the instruments are removed.

When the design temperature of the piping surpasses the test temperature, the test pressure should be
calculated based on applicable local or national regulations.

5.3.7.3 Pressure test

5.3.7.3.1 Preparations before test

Va
dr

Fious certificates of conformity and technical documents, including all test records andce
\wings, inspection certificates for the adsorber vessels and buffer tanks, should be.ch

completeness prior to the pressure test, and the test should be carried out only after’the
certificates and documents are verified to be correct.

Vi
rel

—

gual inspection should be conducted after assembly of the PSA system is Completed to

evant dimensions of the system, to verify the correct connections of the various piping and

circuits and to evaluate the general appearance of the system.

5.3.7.3.2 Strength test

The PSA system for hydrogen separation and purification should-be tested according to thd

na
joi

fional vessel and piping codes. Testing of individual compofients shall be acceptable, with ¢
hts being subject to ISO 5817 or the appropriate pressuredessel code requirements.

5.3.7.3.3 Vacuum test

After the strength test, vacuum systems should.be subject to vacuum for 24 h. The air tigh

de

bree of vacuum should be in accordance witlylocal code or regulations.

5.3.7.3.4 Container ventilation testing

Ve

htilation systems of containerscoi~buildings that house hydrogen PSA systems shall be

verify that they conform to local code or regulations. The hourly air exchange rate with the e

in

bperation should be verified:To verify the effectiveness of the ventilation, the flammable o

semsor should be located based on where the gas will accumulate.

If the electric equipment)and wires of the electrical container are not explosion proof, the
coptainer should undérgo a pressure test at 1,0 kPa and should be considered qualified if t
leakage.

5.3.8 Safety specifications of electrical equipment

El¢ctrical-facilities in hydrogen generation areas should be protected in accordance with [EC
1 gryether applicable local or national electrical code. Outdoor areas and areas within well

bu

rtificates,
ecked for
aforesaid

check the
electrical

local and
onnection

tness and

tested to
khaust fan
r toxic gas

electrical
here is no

60079-10-
ventilated

]r]ingc should he classified hased on the pnfnnfia] for hydrngnh to he prncnhf due to leald

s or other

breakdown (e.g. Zone 2 per IEC 60079-10-1). Electrical equipment and associated wiring in areas with
explosion hazards should be selected and configured in accordance with IEC 60079-0 and IEC 60079-14

or

other applicable local or national electrical code.

All metal enclosures, piping, bases, or frames should be grounded and comply with IEC 60204-1 and
[EC 60364-4 or other applicable local or national electrical code.
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5.3.9 Safety specifications of monitoring devices

5.3.9.1

General specification

Key parameters during operation should be continuously monitored. In case of a failure, the monitoring
system should initiate alarms and/or shutdown interlocks. Instrumentation design and specifications
should comply with the requirements of [EC 61508 or other applicable local regulations or code.

5.3.9.2 Monitoring devices

5.3.9.2.1

Pressure

status of {
to ensure
monitoreq

Overpresy

— open-

Pressure measuring instruments

monitoring data provide the main basis for the control system to determine the operatio
he PSA system. These instruments monitor the pressure during adsorption and desorpt
proper operation and to identify equipment failure. Pressure of the following'items may
|: feed gas, adsorbers, hydrogen product, buffer tank(s), instrument air, etc.

ure may appear in a PSA hydrogen system under the following conditions:

close valves between vessels at different operational pressure levélfail to close;

— modullating control valve fails to open or close or moves to an incorréct position;

— PSAs

5.3.9.2.2

Temperat
flow rate

5.3.9.2.3

To ensure
analysis s
can conta

5.3.9.2.4

Process c
the contr
open/clos
or closed)

5.3.9.3

ystem outlet block valves are closed, and the feed to the PS#is supplied by a compressor.

Temperature measuring instruments

ire measurements are used to correct the computation of feed gas and product hydrog
ind may be used to monitor or control the adsorption process during operation.

Gas composition analysis instruments

that the oxygen level does not result in a flammable or explosive mixture, online oxyg
hould be provided on the feed gas.and desorbed gas piping of hydrogen PSA systems if the fe
n enough oxygen to result in‘a hazardous mixture in either the feed or desorbed gas strear

Valve position sensor

bntrol valves may.b@ provided with a valve position sensor that sends the valve position
| system to prevent a high-pressure stream from leaking into a low-pressure stream. |
e valves, the/position sensor is a switch that indicates if the valve is in a given position (of

Autoinatic interlock shutdown control system

If one of t

nal
on
be

ren

ren
ed

to
For
en

he monitoring devices of a PSA system for hydrogen separation and purification sends out

an

alarm signal, an investigation should be carried out. The cause of the alarm should be identified and the

issue reso

lved such that normal operation is resumed.

In order to maintain safe operation of the PSA system, it may be shut down for inspection if one of the

following

conditions occurs.

— pressure, temperature, compositions or flow rate of feed gas exceeds the alarm set point;

— a process control valve fails during operation or internal valve leakage occurs and cannot be
isolated;

— the hydrogen concentration in the air exceeds 1 %;

— power supply of the PSA system fails;

12

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=5977e7a999779b487d85897badc957e2

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Basic specification
	4.1 Feed stream pressure
	4.2 Working temperature
	4.3 Assembly
	4.4 Material properties
	4.4.1 Feed stream pressure
	4.4.2 Working temperature
	5 Safety requirements of the PSA system
	5.1 General hazards associated with the PSA system
	5.1.1 General hazards associated with hydrogen gas
	5.1.2 General hazards associated with system leakage
	5.1.3 Hazards related to pressure
	5.1.4 Hazards related to ignition of hydrogen
	5.2 Safety specifications in the field
	5.2.1 General hazards
	5.2.2 Layout considerations
	5.2.3 Buildings and ventilation
	5.2.4 Explosion-proof area and explosion-proof grade
	5.2.5 Electrostatic grounding
	5.2.6 Flammable and toxic gas detection alarm
	5.3 Safety specifications of equipment and piping
	5.3.1 General specification
	5.3.2 Safety specifications of adsorbers
	5.3.3 Safety specifications of the buffer tank
	5.3.4 Safety specifications of process control valves
	5.3.5 Safety specifications of piping
	5.3.6 Safety considerations for operations and maintenance
	5.3.7 Safety specifications of inspection and test
	5.3.8 Safety specifications of electrical equipment
	5.3.9 Safety specifications of monitoring devices
	Annex A (informative)  Example of potential locations of relief valves
	Bibliography

