ISO 11114-1:2020

Gas Cylinders — Compatibility of Cylinder and Valve Materials

with Gas Contents — Part 1: Metallic Materials
Key Points Summary

1. Overview & Scope

ISO 11114-1:2020 (Third Edition, May 2020) provides requirements for selecting safe
combinations of metallic cylinder and valve materials with gas contents. It covers
compatibility data for single gases and gas mixtures.

The standard applies to:

+ Seamless metallic, welded metallic, and composite gas cylinders

» Cylinder valves for compressed, liquefied, and dissolved gases

» Transportable pressure receptacles including tubes and pressure drums
Note: Gas quality/purity aspects are NOT covered by this standard.

2. Materials

2.1 Cylinder Materials

Most common metallic materials for cylinders:

» Carbon manganese steel (NS — normalized)

*  Chromium molybdenum steel (QTS — quenched & tempered)

*  Chromium molybdenum nickel steel

» Stainless steel (SS — austenitic type, e.g., 304, 316, 316L, 321, 904L)
*  Aluminium alloys (AA — per ISO 7866)

* Nickel alloys (Ni)

2.2 Valve Materials

Most common metallic materials for valve bodies and internal gas-wetted parts:

* Brass and other copper-based alloys (B)
» Carbon steel (CS)

+ Stainless steel (SS)

+ Refined nickel and nickel alloys (Ni)

* Cu-Be (2%) alloy

* Aluminium alloys (AA)

*  Aluminium silicon bronze (ASB)

Important: For oxidizing gases (per ISO 10156), non-compatible materials are NOT
acceptable even if plated or coated.



3. Compatibility Criteria

Compatibility between gas and cylinder/valve material is affected by five categories:
» Corrosion (dry conditions, wet conditions, by impurities)
» Stress corrosion cracking
* Hydrogen embrittlement
* Generation of dangerous products through chemical reaction
* Violent reactions (e.g., ignition)

3.1 Corrosion

Dry corrosion: Chemical attack by dry gas; very low rate at ambient temperature, not very
common.

Wet corrosion (most common): Occurs due to presence of free water or aqueous solutions.
Hygroscopic gases (e.g., HCI, CI2) can cause corrosion even below saturation. Water
ingress sources include backfilling, ineffective drying after hydraulic testing, and filling
operations.

Corrosion by impurities: Inert gases can cause corrosion if contaminated (e.g., moisture,
oxygen, aggressive traces such as H2S, acid, mercury).

3.2 Hydrogen Embrittlement

Embrittlement caused by hydrogen can occur at ambient temperature under service stress
conditions. It can lead to failure of cylinders/valve components containing hydrogen or
hydrogen mixtures. Key rules:

* QTS cylinders limited to max ultimate tensile strength (UTS) of 950 MPa

» S8 springs or SS diaphragms are permitted if failure does not result in an unsafe
condition

*+ Some SS alloys can be sensitive to hydrogen embrittiement
* Risk applies when partial pressure of H2 > 5 MPa (50 bar)
3.3 Generation of Dangerous Products

Some gas/metal reactions can produce dangerous products. Examples:

* C2H2 (acetylene) with copper alloys containing >65% Cu — forms explosive
acetylides

»  CH3CI (methyl chloride) in aluminium alloy cylinders

3.4 Stress Corrosion Cracking

Can occur in many metallic materials under simultaneous stress, moisture, and contaminant
conditions. Examples: ammonia with copper alloy valves; CO/CO2 mixtures in steel
cylinders.

4. Material Compatibility Rating System

4.1 Acceptability Codes (Table 1)

Bold A = Acceptable (safe under normal conditions, with any noted restrictions)



Bold N = Not Acceptable (not safe under all normal conditions)

Material Abbreviations used in Table 1:

Abbreviation Material Description

NS Carbon steels (normalized) — seamless/welded cylinders

QTS Alloy steels (quenched & tempered) — seamless steel cylinders

SS Austenitic stainless steels — cylinders, valve bodies/components

AA Aluminium alloys (ISO 7866) — seamless cylinders; other AA for valves
B Brass and other copper alloys — cylinder valves

Ni Nickel alloys — cylinders, valves, valve components

Cu Copper

CS Carbon steels — valve bodies

ASB Aluminium silicon bronze

4.2 NQSAB Compatibility Code (Annex A)

A five-digit code rates compatibility of each gas with five material classes. Each digit
corresponds to one material class:

* N = Normalized steels and carbon steels
* Q= Quenched and tempered steels
+ S = Stainless steels
* A = Aluminium alloys
* B = Brass and other copper alloys
Digit values:
* 0 = Not acceptable
* 1= Acceptable (check Table 1 for key compatibility characteristics)
* 2= Acceptable but 316 type SS recommended (S digit only)
* 3 = Use brass/copper alloys with <65% Cu (B digit only)
* 9= Acceptable but consider hydrogen embrittlement risk

5. Gas Groups Summary (Annex A.4)

Gases are classified into 11 groups based on material compatibility:

Group NQSAB Description Example Gases

Code

1 11111 Compatible with ALL Argon, Nitrogen, Oxygen, CO2, Methane, Helium,
materials Propane, Ethylene, and ~60 others



2 99911

3 11113
4 11211
5 11110
6 11210
7 11101
8 11201
9 11200
10 11203
11 99200

All materials OK; hydrogen
embrittlement risk to be
considered

All materials OK; copper
alloys must have <65% Cu

All materials OK; 316 type
SS recommended

All materials except brass
(B=0)

All materials except brass;
316 SS recommended

All materials except
aluminium (A=0)

All materials except
aluminium; 316 SS
recommended

All materials except
aluminium and brass; 316
SS recommended

All materials except
aluminium; 316 SS and low-
Cu alloys recommended

All materials except
aluminium and brass; 316
SS + H2 embrittlement
consideration

Hydrogen, Arsine, Deuterium, Diborane, Disilane,
Germane, H2S, Methyl mercaptan, Methyl silane,
Phosphine, Silane

Acetylene, Propyne

Hydrogen cyanide

Ammonia, Dimethylamine, Ethylamine,
Methylamine, Trimethylamine

Cyanogen, Nitric oxide, Nitrogen dioxide

Chloromethane, Ethyl chloride

Chilorine, Fluorine, Methyl bromide, Phosgene,
SiCl4, SiF4, SF4, SiHCI3, WF6
Boron trichloride, Boron trifluoride, Dichlorosilane

Vinyl bromide, Vinyl chloride, Vinyl fluoride

HBr, HCI, HF, HI (hydrogen halides)

6. Key Compatibility Notes for Selected Gases

Gas

Acetylene (C2H2)

Ammonia (NH3)

Carbon Monoxide (CO)

Chlorine (CI2)

Fluorine (F2)

Hydrogen (H2)

Hydrogen Chloride
(HCI)

Key Compatibility Issue

Never use with >65% Cu alloys — risk of explosive acetylides. Silver
content of brass should be £43% by mass.

Risk of stress corrosion cracking with brass and copper alloys. Applies to all
gases/mixtures containing even traces of NH3.

Risk of toxic metal carbonyls. Highly sensitive to moisture >5 ppmV near

CO2 traces. QTS/NS/CS cylinders risk stress corrosion cracking.

Hydrolyzes to hypochlorous acid; risk of H-chloride compatibility issues.
Service life of brass valves depends on operating conditions.

Copper is not acceptable. Ethylene oxide polymerizes in F2 presence. Risk
of H-fluoride compatibility issues in wet conditions.

Risk of hydrogen embrittlement. QTS limited to max UTS 950 MPa. For
pressures >5 MPa, cylinders must be validated per ISO 11114-4.

Highly hygroscopic/corrosive. Most materials except high-Ni alloys
(Hastelloy). QTS limited to 950 MPa UTS. AA cylinder = not acceptable.



Hydrogen Fluoride (HF)  Highly hygroscopic/corrosive. Works with Ni-resistant alloys at reduced fill
pressure (max TP/5). AA cylinder = not acceptable.

Hydrogen Sulphide Pitting corrosion risk in wet conditions. Risk of H embrittlement (N, Q, S).
(H2S) Partial pressure must be <0.25 MPa at max UTS 950 MPa.
Oxygen (02) Risk of violent reaction (ignition). Valve design must be validated for O2

service per ISO 10297 and ISO 11114-2/3. Copper alloys for internal wet
parts should have <2.5% aluminium.

Phosphine (PH3) Risk of hydrogen embrittlement. QTS limited to 950 MPa UTS. SS alloys
sensitive to H2 embrittlement.

Silane (SiH4) Risk of hydrogen embrittlement. Filling ratio limited to 320 g/L. Copper not
acceptable.

7. Gas Mixture Compatibility Rules

A gas mixture is compatible with a given material if ALL individual component gases are
compatible with that material.

Special considerations for mixtures:

* Hydrogen embrittlement risk in mixtures only arises if partial pressure of H2 > 5 MPa
(50 bar) AND cylinder material stress level is high enough.

* For H2S and methyl mercaptan in mixtures: partial pressure must be < 0.25 MPa (2.5
bar) at max UTS 950 MPa. See Table 1, row 63.

* Halogenated gases incompatible with aluminium alloy cylinders: max acceptable
concentration in mixtures = 0.1% (unless higher concentration validated per EIGA
161/16).

* Moisture content in such mixtures must be limited to max 10 ppmV.

* For CO/CO2 mixtures in steel cylinders: stress corrosion cracking risk — consult
Table 1 row 17 and EIGA references.

8. Key Definitions

Term Definition

Acceptable (A) Material/gas combination safe under normal conditions, provided non-
compatibility risks are taken into account.

Not Acceptable (N) Material/single gas combination that is NOT safe under all normal
conditions.
Dry State in which there is no free water in a cylinder under any service

conditions, including at highest expected operating pressure and lowest
expected operating temperature. (e.g., for 200 bar/-20°C: max moisture < 5

ppmV)
Wet State in which the 'dry' conditions are NOT met.
Gas Mixture Combination of different single gases deliberately mixed in specified

proportions.



Single Gas Gas which does not contain deliberately added content of another gas.

Competent Person Person with necessary technical knowledge, experience, and authority to
assess and approve materials for use with gases.

Summary prepared from ISO 11114-1:2020(E) — Third Edition, May 2020
This is a summary only. Always refer to the full standard for complete requirements and regulatory compliance.



