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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
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the terin “not recommended” has been replaced by “not acceptable”,

entat, in_fiaison with IS0, also take part in the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
Ask of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication ag

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document may be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by the European Committee for Standardization (CEN) Technical Comm

Transportable gas cylinders, in collaboration with 1SO.Technical Committee ISO/TC 58,
N accordance with the Agreement on technical cooperation between ISO and CEN (Vie

l edition cancels and replaces the first edition (ISO 11114-1:1997), which has been techni
b main changes resulting from the revision of this part of ISO 11114 are
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‘ement for gas mixtures has been introduced.

Consists of the following parts, under the general title Gas cylinders — Compatibility of cylinder
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Test methods for oalnr\ﬁng metallic materials resistant to hyrlrngnn embrittlement
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Introduction

Industrial, medical and special gases (e.g. high-purity gases, calibration gases) can be transported or stored
in gas cylinders. An essential requirement of the material from which such gas cylinders and their valves are

manufactured is compatibility with the gas content.

Comipatibility of cylinder materials with gas conient has been established over many years
application and experience. Existing national and international regulations and standards do.no
this|aspect.

Thig part of ISO 11114 is based on current international experience and knowledge.

WhIre there is any conflict between this International Standard and any applicable ‘regulation, th
always takes precedence.

Thig part of ISO 11114 has been written to be in conformity with the UN ‘Recommendations on th
of Dangerous Goods: Model Regulations. When published it will be submitted to the UN Sub C
Experts on the Transport of Dangerous Goods with a request that it e included in the Model Regu

by practical
fully cover

b regulation

e Transport
bmmittee of
ations.
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Scope

part of ISO 11114 provides requirements for the selection of safe combinations of metallic ¢
e materials and cylinder gas content.

compatibility data given is related to single gases and to gas mixtures.

mless metallic, welded metallic and composite gas cylinders-and their valves, used to contain
bfied and dissolved gases, are considered.

E In this part of ISO 11114 the term “cylinder” refers te transportable pressure receptacles, which
s and pressure drums.
ects such as the quality of delivered gas productiare not considered.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited\*applies. For undated references, the latest edition of the
ment (including any amendments) applies.

9809-1, Gas cylinders-— Refillable seamless steel gas cylinders — Design, construction an

1: Quenched and-tempered steel cylinders with tensile strength less than 1 100 MPa

10156, Gases-ahd gas mixtures — Determination of fire potential and oxidizing ability for the
der valve-gutlets

10297%;-Transportable gas cylinders — Cylinder valves — Specification and type testing

ISO

ylinder and

ompressed,

also include

For dated
referenced

 testing —

selection of

111414-2 (Gas cylinders — Cnm'rmﬁhilify of cylinder and valve materials with gas contents —

Part 2: Non-

metallic materials

ISO 11114-3, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 3:
Autogenous ignition test for non-metallic materials in oxygen atmosphere

ISO 11120, Gas cylinders — Refillable seamless steel tubes for compressed gas transport of water capacity
between 150 | and 3 000 | — Design, construction and testing
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3 Terms and definitions

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

31
competent

person

person who has the necessary technical knowledge, experience and authority to assess and approve

materials fo

3.2
acceptable

r use with gases and to define any special conditions of use that are necessary

A
material/ga
non-compa

NOTE L

3.3

not accept
N
material/sin

NOTE f

3.4

dry
state in wh

5 combination that is safe under normal conditions of use, provided that any Aindic
ibility risks are taken into account

ow levels of impurities can affect the acceptability of some single gases or gas mixtures.

hble
gle gas combination that is not safe under all normal conditions of use

or gas mixtures special conditions may apply (see 6.2 and Table 1).

ich there is no free water in a cylinder under any @ervice conditions, including at the hig

expected operating pressure and at the lowest expected operating temperature

NOTE f

or compressed gases at, for example, 200 bar and'©20 °C, the maximum moisture content is not to ex

hted

hest

Ceed

5 ppmV, to @void condensation of free water. For other temperatures and pressures, the maximum moisture comtent

needed to aV

3.5
wet
state in whi

3.6

gas mixturp

combinatior

3.7
single gas
gas which ¢

oid condensation of water will be different.

Ch the conditions as defined foridry (3.4) are not met

of different single gases deliberately mixed in specified proportions

oes not.contain deliberately added content of another gas or gases

4 Mateltials

4.1

General

The compatibility of most materials used to manufacture gas cylinders and valves is identified in this part of

ISO 11114,

Other materials whose compatibility is not identified in this part of ISO 11114 may be used if all compatibility
aspects have been considered and validated by a competent person.

© 1SO 2012 — All rights reserved
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Cylinder materials

The most commonly used metallic materials for cylinders are (among others) carbon manganese steel,
chromium molybdenum steel, chromium molybdenum nickel steel, stainless steel and aluminium alloys, as
specified in the following International Standards:

aluminium, 1SO 7866 and ISO 11118;

steel, 1SO 4706, 1SO 9328-5, 1SO 9809-1, 1SO 9809-2, 1SO 9809-3, 1SO 9809-4, 1SO 11118 and

ISO 11120;

4.3

4.3.

The)
othe
alur

4.3.

43.

protected or coated. This may only be done if all compatibility aspects have been considered and

a Cd

4.3.
se),
not

4.3.
con

NOT
num

5

aluminium alloys and stainless steel, ISO 6361-2 and ISO 15510.
Valve materials
1 General

most commonly used metallic materials for valve bodies and internal gas wetted parts arg
r similar copper-based alloys, carbon steel, stainless steel, nickel and nickel alloys, Cu—B¢
ninium alloys.

P Particular considerations

mpetent person for the entire life of the valve.

.2  Special precautions, in accordance with1SO 11114-3 (which addresses testing, not prec
shall be taken for oxidizing gases as specified in ISO 10156. In this case, non-compatible m
hcceptable (see 3.3) for use in valves, evenrif plated, protected or coated.

.3  For cylinder valves, compatibjlity in wet conditions shall be considered because of the
amination by atmospheric moisture and an airborne contaminant.

E Reference is made ,in\this part of ISO 11114 to stainless steels by their commonly used AISI
bers, e.g. 304. For information, the equivalent grades according to EN 10088-1 are as follows:

304 1.4301
3041 1.4306 and 1.4307
316 1.4401
316L 1.4404

Compatibility criteria

5.1

General

brass and
(2 %) and

R.1 In special cases, non-compatible materials may be used for non-oxidizing gases if suitably plated,

alidated by

autions per
aterials are

high risk of

identification

Compatibility between a gas and the cylinder/valve material is affected by chemical reactions and physical
influences, which can be classified into five categories:

corrosion;
stress corrosion cracking;

hydrogen embrittiement;

© 1SO 2012 — All rights reserved
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genera

violent

tion of dangerous products through chemical reaction;

reactions, such as ignition.

Non-metallic components (valve sealing, gland packing, O-ring, etc.) shall be in accordance with ISO 11114-2.

Sealing or |

NOTE

5.2 Corr

Many types

5.21 Cor
This corros
the cylindef
very low at

5.2.2 Cor

This corros
of free wat
occur ever
combinatior
prevent any

ubricating materials (when used) at the valve stem shall be compatible with the gas content.

Annex A gives the gas/materials NQSAB compatibility codes, for information.

nsion

of corrosion mechanisms can occur due to the presence of the gas, as outlined in 5.2.1 t0.5:2.

rosion in dry conditions

on is affected by chemical attack by a dry gas on the cylinder material. The result is a reductig
wall thickness. This type of corrosion is not very common, because the rate of dry corrosid
bmbient temperature.

rosion in wet conditions

on is the most common type of corrosion, which only occurs-in.a gas cylinder due to the prese
pr or aqueous solutions. However with some hygroscopic.gases (e.g. HCI, Cl,) corrosion wi

if the water content were less than the saturation)'value. Therefore, some gas/mat
s are not recommended, even if inert in the theoretical dry conditions. It is thus very importa
water ingress into gas cylinders. The most common'sources of or reasons for water ingress a

a) the cugtomer, by retro-diffusion/backfilling or when thé’cylinder is empty, by air entry, if the valve is
closed,

b) ineffecfive drying following hydraulic testing, and

¢) during filling.

In some cases it is very difficult fo\.completely prevent water ingress — particularly when the ga

hygroscopi¢ (e.g. HCI, Cl,). In cases-where the filler cannot guarantee the dryness of gas and cylindg

cylinder material which is compatible with the wet gas shall be used, even if the dry gas is not corrosive.

There are several differentdypes of “wet corrosion” in alloys:

a) general corrosion, \eading to the reduction of the wall thickness, e.g. by acid gases (CO,, SO,
oxidizing gases<(O,, Cl,);

b) localized(earrosion, e.g. pitting corrosion or grain boundary attack.

k

n of
nis

nce
buld
brial
t to

not

=
[72)

O]

) or

Additionally, some gases, even inert ones, when hydrolysed could lead to the production of corrosive products.

5.2.3 Cor

rosion by impurities

Gases which themselves are inert (non-corrosive) can cause corrosion due to the presence of impurities.

Pollution of

gases can occur, during filling, during use or if the initial product is not properly purified.

The most common pollutants are

a)

liquefied ammonia);

atmospheric air, in which case the harmful impurities can be moisture (see also 5.2.2) and oxygen (e.g. in

© 1SO 2012 — All rights reserved
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b) aggressive products contained in some gases, e.g. H,S in natural gas;

c) aggressive traces (acid, mercury, etc.) remaining from the manufacturing process of some gases.

The materials compatible with the impurities shall be used if the presence of these impurities cannot be
prevented and if the corresponding corrosion rate is unacceptable for the intended application.

5.3 Hydrogen embrittlement phenomenon

Embrittlement caused by hydrogen can occur at ambient temperature in the case of certain gases and under
seryiceconditionswhich-stressthe byiilldcl orvatve materiat:

Thig type of stress cracking phenomenon can, under certain conditions, lead to the failure of gas cylinders
andfor valve components containing hydrogen, mixtures of hydrogen and other gases.

5.4| Generation of dangerous products

In spme cases reactions of a gas with a metallic material can lead to the generation of dangeroys products.
Examples are the possible reactions of C,H, with copper alloys containing-more than 65 % copper and of

CH4Cl in aluminium alloy cylinders.

5.5| Violent reactions (e.g. ignition)

In principle, violent reactions of gas/metallic material are nat.very common at ambient temperatu:xs, because
high activation energies are necessary to initiate such, reactions. In the case where a conpbination of
nontmetallic and metallic materials is used, e.g. for valves, this type of reaction can occur with gome gases
(e.gl Oy, Cly).

5.6| Stress corrosion cracking

Strgss corrosion cracking can occur<inomany metallic materials subjected to stress, moisfure and a
conjaminant at the same time. Stress_corrosion cracking can, under certain conditions, lead to the failure of
the jgas cylinder or valve and/or its_ components (e.g. ammonia in contact with copper alloy valves or carbon
monoxide/carbon dioxide mixtures:in steel cylinders).

6 [Material compatibility

6.1| Table of compatibility for single gases (see Table 1)

Before any gas/cylinder/valve combination is chosen a careful study of all the key compatibility characteristics
givgn in Table 1 shall be made. Particular attention shall be paid to any restrictions, which shall bg applied to
acceptable materials.

NOTE The gases are generally listed in the table in English alphabetical order.

6.2 Compatibility for gas mixtures

Any gas mixtures containing single gases that are all compatible with a given material shall be considered as
being compatible with this material.

For gas mixtures containing gases causing embrittlement (see 5.3, and Table A.3, groups 2 and 11) the risk of
hydrogen embrittlement only occurs if the partial pressure of the gas is greater than 5 MPa (50 bar) and the
stress level of the cylinder material is high enough. Some International Standards, such as 1SO 11114-4,
specify test methods for selecting appropriate steels with a maximum UTS (ultimate tensile strength) greater
than 950 MPa.

© 1SO 2012 — All rights reserved 5
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NOTE In a gas mixture, the partial pressure for hydrogen sulphide and methyl mercaptan is reduced to 0,25 MPa

(2,5bar)ata

maximum UTS of 950 MPa.

For non-compatibility of some halogenated gases with aluminium alloys, the maximum acceptable content is
given in Table 1. The level of moisture can affect the acceptability of such mixtures.

6.3 Using Table 1

6.3.1 Conventions and numbers

In Table 1, |
— A =ac(
— N=no

If there is n
using a gen

EXAMPLE

eptable (see 3.2);

acceptable (see 3.3).

o UN number listed for a gas (or liquid), the gas has no official UN number)but may be shig
eric NOS (not otherwise specified) number.

Compressed gas, flammable, NOS, UN 1954.

6.3.2 AbMbreviations for materials

CS

NS

QTS

SS

Ni
Cu

ASB

Carbon steels used for the manufacture of cylinder valve bedies

Carbon steels heat treated by normalization that are-used for the manufacture of seamless
velded cylinders

seamless steel cylinders

Austenitic type stainless steels used forthe manufacture of seamless and welded cylinders
some valve bodies and valve components

Aluminium alloys specified in 4SO 7866 when used for the manufacture of seamless cylinders.
-or aluminium valve bodies{ alloys not specified in ISO 7866 may also be used

Brass and other copper alloys used for the manufacture of cylinder valves
Nickel alloys used-for the manufacture of cylinders, valves and valve components
Copper

A\luminium silicon bronze

ped

and

Alloy steels that are treated by quenching and.tempering and that are used for the manufacture of

and
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Annex A
(informative)

Gas/materials NQSAB compatibility code

A.1 General

A fiye-digit code allows a rating of the compatibility of each gas with five different classes of matetials for use
withl gas cylinders and cylinder valves. This is termed the NQSAB code, where “N” represents|normalized
stegls and carbon steels, “Q” quenched and tempered steels, “S” stainless steels, “A” aluriniun alloys and
“B” prass and other copper alloys, and nickel alloys. The degree of compatibility is identified by replacing the
lettgr with the appropriate digit as described in A.2.

A.3|presents the NQSAB code itself, and in A.4 the gases covered in this part of ISO 11114 are [divided into
11 groups, depending on their compatibility with cylinder and valve materials.

A.2 Material classes and compatibility identification

A.2l1 Normalized steels and carbon steels (N)
0 Not acceptable.

1 Acceptable but check Table 1, key compatibility characteristics.

©

Acceptable but check Table 1, key compatibility characteristics, to avoid hydrogen embrittjement.

A.2[2 Quenched and tempered steels (Q)

0 Not acceptable.
1 Acceptable but check-Table 1, key compatibility characteristics.
9  Acceptable but eheck Table 1, key compatibility characteristics, to avoid hydrogen embrittlement.

A.2l13 Stainlesssteels (S)

o

Net:acceptable.

1 Acceptable for gas cylinder but check Table 1, key compatibility characteristics.

2 Pitting corrosion can be minimized by using stainless steel alloys such as 316.

9 Hydrogen embrittlement can be minimized by using stainless steel alloys such as 316.

A.2.4 Aluminium alloys (A)

0 Not acceptable but some mixtures of dry gases may be filled into AA; check Table 1, key
compatibility characteristics.

1  Acceptable but check Table 1, key compatibility characteristics.

© 1SO 2012 — Al rights reserved 33


https://standardsiso.com/api/?name=fe5eec1a5921dd47f5d30e2332f1735e

ISO 11114-1:2012(E)

A.2.5 Brass and other copper alloys (B)

0 Not acceptable.

1 Acceptable to be used but check Table 1, key compatibility characteristics.

3  Use brass or other copper alloys containing less than 65 % Cu.

A.3 NQSAB code

The NQSAB code for each gas is given in Table A.1. For gases where the compatibility rating 2, 3 or 9| are
specified, r¢fer also to Table 1.
Table A.1 — List of gases with corresponding NQSAB compatibility code
Name and gas number Formula N Q S A B

1

ACETYLENE CoHsp 1 1 1 1 B
2

AMMONIA NH3 1 1 1 1 0
3

ARGON Ar 1 1 1 1

4

ARSINE AsH3 9 9 9 1

5

BORON TRICHLORIDE BCl3 1 1 2 0 0
6

BORON TRIFLUORIDE BF3 1 1 2 0 0
7

BROMOCHLORODIFLUOROMETHANE CBrCIFy (R12B1) 1 1 1 1 1
8

BROMOTRIFLUOROMETHANE CBrF3 (R13B1) 1 1 1 1 1
9

BROMOTRIFLUOROETHYLENE CoBrF3 1 1 1 1 1
34 © 1SO 2012 — All rights reserved
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Table A.1 (continued)
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Name and gas number

Formula

10

11

BUTADIENE-1,3

HoC:CHCH:CHag

BUTADIENE-1,2 HoC:C:CHCH3 1 1 1 1
12

BU[TANE C4qH10 1 1 1 1
13

BU|TENE-1 CH3CHoCH:CHop 1 1 1 1
14

BUITENE-2 (CIS) CH3CH:CHCH3 1 1 1 1
15

BU[TENE-2 (TRANS) CH3CH:CHCH3 1 1 1 1
16

CARBON DIOXIDE COy 1 1 1 1
17

CARBON MONOXIDE CcO 1 1 1 1
18

TETRAFLUOROMETHANE CFy 1 1 1 1
(CARBON TETRAFLUORIDE)

19

CARBONYL SULPHIDE COos 1 1 1 1
20

CHLORINE Clp 1 2 0 1
21

CHLORODIFLUOROMETHANE CHCIFy (R22) 1 1 1 1
22

METHYL/,EHLORIDE CH3ClI (R40) 1 1 0 1
(CHLOROMETHANE)

23

CHLOROPENTAFLUOROETHANE CoCIFg (R115) 1 1 1 1
24

CHLOROTETRAFLUOROETHANE CCIF2-CHF» 1 1 1 1
25

CHLOROTRIFLUOROETHANE CHoCICF3 (R133a) 1 1 1 1
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Table A.1 (continued)

Name and gas nhumber

Formula

26
CHLOROTRIFLUOROETHYLENE

CoCIF3 (R1113)

34
DICHLOROFLUOROMETHANE

35
DICHLOROSILANE
36
DICHLOROPTETRAFLUOROETHANE
37
CYANOGHN

38

1-CHOLORO-1,1t-DIFLUOROETHANE
(1,1-(DIFLUORO-1 CHLOROETHANE)

CHCIoF (R21)

SiHoClo

CoCloF4 (R114)

CoNo

CH3CCIF5 (R142b)

27
CHLOROTRIFLUOROMETHANE CCIF3 (R13) 1 11| 1
28

CYCLOPROPANE C3Hg 1 1] 1
29

DEUTERIYM Do 9 | 9.1
30

DIBROMOPIFLUOROMETHANE CBroFy (R12B2) 1 1] 1
31

DIBROMOTETRAFLUOROETHANE CoBroF4 (R114B2) 1 1] 1
32

DIBORANE BoHg 9 | 9 | 1
33

DICHLORODIFLUOROMETHANE CClyFo(R12) 1 1] 1

39
1,1-DIFLUOROETHANE
40
1,1-DIFLUOROETHYLENE
41

DIMETHYL AMINE

42
DIMETHYL ETHER

CH3CHF5 (R152a)

CoHoF5 (R1132a)

(CH3)2NH

(CH3)20

36
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Table A.1 (continued)
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Name and gas number Formula Q S A B
43
DISILANE SioHg 9 9 1 1
44
ETHANE CoHg 1 1 1 1
45
ETHYLAMINE CoHsNH»o 1 1 1 0
46
ETHYL CHLORIDE CoH5ClI (R160) 1 1 0 1
47
ETHYLENE CoHy 1 1 1 1
48
ETHYLENE OXIDE CoH40 1 1 1 1
49
FLUORINE Fo 1 2 0 1
50
FLUOROETHANE CoHsF (R161) 1 1 1 1
51
FLUOROMETHANE CHsF (R41) 1 1 1 1
52
TRIFLUOROMETHANE CHF3 (R23) 1 1 1 1
53
GHRMANE GeHy 9 9 1 1
54
HELIUM He 1 1 1 1
55
HEXAFLUOROETHANE CoFg (R116) 1 1 1 1
56
HEXAFLUOROPROPENE C3Fg (R1216) 1 1 1 1
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