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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_1SQ, also take part in the work 1SO collaborates closely with the International Flectrgtechnical
Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paft.3:

Draft Internptional Standards adopted by the technical committees are circulated to the member bodies fpr voting.
Publication jas an International Standard requires approval by at least 75 % of the member badies casting g vote.

This documeent was prepared by Technical Committee ISO/TC 197, Hydrogen technolegies.
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Hydrogen fuel — Product specification
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2.2
liquid hyd
LH,
hydroger]
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effect.

2.3
slush hyq
SLH,
hydroger]

<

national Standard specifies the quality characteristics of hydrogen fuel in order to assureunifg
product as produced and distributed for utilization in vehicular, appliance or other fuelling appli

bace).

s and definitions

urposes of this International Standard, the following terms and définitions apply.

hydrogen

that has been produced to gaseous form, and brought to essentially ambient conditions as an
f ortho-hydrogen and para-hydrogen, purified to a:minimum mole fraction of 98 %

The gaseous form is produced typically by any number of methods, including petrochemical, thermoch
C or biological processes.

rogen

that has been liquefied, i.ecbrought to a liquid state (para)

Liguefaction may be carried out by either chilling and compression or other means such as the m

rogen

that issaxrixture of solid and LH,, at the eutectic (triple-point) temperature

rmity of the
cations.

national Standard applies to all modes of transportation and hydrogen fuelling applications (ground, water,

equilibrium

bmical, solar,

hgnetocaloric

3 Req

rements

3.1 Classification

Hydrogen fuel shall be classified according to the following types and grade designations:

a) Type l(grades A, B, and C): Gaseous hydrogen
b) Type ll: Liquid hydrogen
c) Typelll: Slush hydrogen
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3.2 Applications

©1SO

The following information characterizes representative applications of each type and grade of hydrogen fuel. It is
noted that suppliers (especially liquid transporters) commonly transport hydrogen of a higher quality than some
users may require. The “lower” grades A and B entail less stringent requirements, which may be more suitable for
“captive” systems such as vehicle fleets/’common fill or on-site hydrogen production/use, such as in industrial

complexes.

Type |, grade A

Type |, grade B

industrial fuel, for use e.g. in power generation or as a heat energy source;

internal combustion engines/fuel cells for transportation; residential/commercial appliances;

Type |, grad
Type Il
Type llI
3.3 Limitin

The Directo
grade of hy

e C aircraft and space-vehicle ground support systems;
aircraft and space-vehicle onboard propulsion and electrical energy requirements; land
aircraft and space-vehicle onboard propulsion.

g characteristics

ry of Limiting Characteristics, outlined in Table 1, specifies the requirements applicable to each

characterisfic in a listed quality level does not imply that the component is ords not present, but merely indi

the test nesg

4 Quality

d not be performed for compliance with this International Standard.

verification

4.1 Quality tests

The supplig
control prog
not listed in

4.2 Produ
4.2.1 Gengd

Production
assure the
qualification
performing
between th
laboratory 3

4.2.2 Anal

r shall assure, by standard practice, the verification of the quality level of hydrogen. The sam
edures described in 4.3.1 and 4.3.2 and*in“clauses 5 and 6 may be applied. Other control pr
this International Standard are acceptable if agreed upon between the supplier and the custom

ction qualification tests
ral requirements

hualification tests are a single analysis or a series of analyses that shall be performed on the g
reliability of the production facility to supply hydrogen of the required quality level. This p
may be achievedby verifying the analytical records of product from the supplier, or, if red
analyses of representative samples of the product from the facility at appropriate intervals a
e supplier apnd-the customer. Production qualification tests may be performed by the supplie
greed upan between the supplier and the customer.

tical requirements of the production qualification tests

vehicles;

type and

drogen fuel. A blank indicates no maximum limiting characteristic. The absence of a maximum limiting

ates that

pling and
pcedures

er.

roduct to
roduction
uired, by
s agreed
r or by a

The analyti

al-Tequirements—for the productionm quatificaton tests—sthaftnctiude the determination of a

characteristics of hydrogen.

I limiting
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Table 1 — Directory of limiting characteristics

Dimensions in micromoles per mole unless otherwise stated

ISO 14687:1999(E)

Subclause Characteristics Type | Type Il Type llI
(assay) Grade A Grade B Grade C
6.2 Hydrogen purity 98,0 99,90 99,995 99,995 99,995
(minimum mole fraction,
%)
6.3 Para-hydrogen NS NS NS 95,0 95,0
(minimum mole fraction,
%)
Impurities
(maximum content)
Total gases 50 50
6.4 Water (cm3/m3) NC @ NC b b
6.5 Total hydrocarbon 100 NC b b
6.6 Oxygen a 100 c c
6.7 Argon a c c
6.7 Nitrogen a 400 b b
6.7 Helium 39 39
6.8 co, d d
6.9 co 1 d d
6.10 Mercury 0,004
6.11 Sulfur 2,0 10
6.12 Permanent particulates f e e e
Density e
NOTE 1| NS: Not specified
NOTE 2| NC: Not to be condensed
& Comb|ned water, oXygen, nitrogen and argon: max. 1 900 umol/mol.
b comb|ned nitrogen, water and hydrocarbon: max. 9 pmol/mol.
€ Combloed oxygen and argan: max_ 1 pmol/mal

d Total CO, and CO: max. 1 umol/mol.

€ To be agreed between supplier and customer.

f The hydrogen shall not contain dust, sand, dirt, gums, oils, or other substances in an amount sufficient to damage the
fuelling station equipment or the vehicle (engine) being fuelled.
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4.3 Lot acceptance tests

4.3.1 Applicability

©1SO

Lot acceptance tests are analyses that shall be performed on the hydrogen in the delivery container, or a sample
thereof, which is representative of the lot.

4.3.2 Lotd

efinitions

One of the following definitions of the lot shall be used:

a) nospe
b) all of th
c) allof th
d) all of th
e) all of th
f)y all of th
g) allof th
h) all of th
i) allofth
4.3.3 Num
The numbe
a) onesa
b) anynu

5 Sampli

5.1 Samp,

The quantit

cificquarntity, orany quarntity of fydrogeragreed uporT betweeTT the supplier and-thecustomer;
e hydrogen supplied, or containers filled, during the contract period;

e hydrogen supplied, or containers filled, during a calendar month;

e hydrogen supplied, or containers filled, during seven consecutive days;
e hydrogen supplied, or containers filled, during a consecutive 24-h period;
e hydrogen supplied, or containers filled, during one continuous shift;

e hydrogen supplied in one shipment;

e hydrogen supplied in one delivery container;

e hydrogen in the container(s) filled on one manifold atthe same time.

per of samples per lot

[ of samples per lot shall be in accordance with one of the following:

mple per lot;

mber of samples agreed upon by.the supplier and the customer.

ng
e size

y of hydrogef/in”a single sample container shall be sufficient to perform the analyses for th

characteristics. If a single sample does not contain a sufficient quantity of hydrogen to perform all of the

required to

5.2 Gase

hssess the.quality level, additional samples from the same lot shall be taken under similar cond

Dus samples

e limiting
analyses
tions.

Gaseous samples shall be representative of the hydrogen supply. Samples shall be obtained using one of the
following procedures.

a) Fill the sample container and delivery containers at the same time, on the same manifold and in the same
manner.

b) Withdraw a sample from the supply container through a suitable connection into the sample container. No
regulator shall be used between the supply and the sample containers (a suitable purge valve may be used).

For safety reasons, the sample container and sampling system shall have a rated service pressure at least
equal to the pressure in the supply container.
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c) Connect the container being sampled directly to the analytical equipment using suitable pressure regulation to
prevent over-pressurizing this equipment.

d) Sele

ct a representative container from the containers filled in the lot.

5.3 Liquid samples (vaporized)

Vaporized liquid samples shall be representative of the liquid hydrogen supply. Samples shall be obtained using one

of the foll

owing procedures:

a) by vaporizing, in the sampling line, liquid hydrogen from the supply container;

b) by f
repr

6 Test
6.1 Par
The para
a) molg
b) num

NOT

Cc) num

owing liquid hydrogen from the supply container into or through a suitable container.
bsentative sample is collected and then vaporized.

methods

ameters of analysis

meters for analytical techniques contained in this clause are:
fraction, expressed as a percentage (%);

ber of cubic centimetres per cubic metre (cm3/m3) [water only};
= Contents in 6.1 a) and b) represent 1075,

ber of micromoles per mole (umol/mol).

Total hygirocarbon content “as methane” for the purpose of this International Standard is defined a

carbon a

Calibratiq
analytical

If require
traceable

om equivalent.

n gas standards which contain thevapplicable gaseous components may be needed to G
instruments used to determine the.limiting characteristics of hydrogen.

d by the customer, the accuracy of the measuring equipment used in preparing these standal
to an established institutefor standards.

Analyticdl equipment shall becoperated in accordance with the manufacturer’s instructions.

Analyticg

customedp.

6.2 Hyd

The hydr|

| methods not disted in this International Standard are acceptable if agreed upon between s

rogen.assay for purity

bgenconcentration shall be determined by one of the following procedures.

in which a

5 the single

alibrate the

rds shall be

upplier and

a) Use a thermal conductivity analyser which measures the aggregate impurities which have thermal
conductivities different from hydrogen. The analyser shall be calibrated at appropriate intervals using calibration
gas standards. The range of the analyser shall be no greater than ten times the difference between the
specified minimum hydrogen concentration, in percent, and 100 %. Thus for a 99,5 % minimum hydrogen
concentration, the analyser shall have a maximum range of 5 % impurity or from 95 % to 100 % hydrogen.

b) Use

a volumetric or manometric gas analysis apparatus.

c) Determine the amount of aggregate impurities using the methods in the following subclauses of this
International Standard. The hydrogen concentration is the value obtained when this amount, expressed as
percent mole fraction, is subtracted from 100 %.

d) Use any suitable chromatographic system which effectively quantifies specific impurities [see 6.7 a)].
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6.3 Hydrogen assay for para-hydrogen

Para-hydrogen (percent minimum balance ortho-hydrogen) shall be determined using thermal conductivity-type in-
stream analysers installed in the supplier's production system and shall be calibrated integrally by the appropriate
use of temperature-controlled catalyst beds.

NOTE Industrial users of hydrogen typically do not require lot analysis for para content. The test may be performed as
agreed upon between the supplier and the customer.

6.4 Water content

The water L]mmmees—
a) Suppolt the hydrogen cylinder in an inverted position (valve at the bottom) for 5 min. Then open-th¢ cylinder

valve slightly while the cylinder remains inverted, and vent the hydrogen with a barely audible flow into|an open,
dry corjtainer for 1 min.

The cylinder and its content shall be above 0 °C. This procedure shall not be used for 'iydrogen fuel gther than
Type |,|grades A and B. This procedure detects condensed hydrocarbons (oil) as well’as water.

NOTE A rapid flow may cause any water to disperse and not collect in the container.

b) Use ar electrolytic hygrometer having an indicator graduated in cubic centimetres per cubic metre o a range
which |s no greater than ten times the specified maximum watere0Ontent. Recombination of oxygen with
hydrogen can occur, producing a false high reading; refer to instrument manufacturer’s instructions fpr proper
analyti¢al technique.

NOTE Recombination of oxygen with hydrogen can occur,Cproducing a false high reading. Refer to Instrument
manufacturer’s instructions for proper analytical technique.

c) Use a fdewpoint analyser in which the temperature ofta viewed surface is measured at the time moigture first
begins|to form.

d) Use a ppiezoelectric (e.g. vibrating-quartz) absorption hygrometer, of which the accuracy of analysigq shall be
+0,1 cm3 - m=3 or 5 % of the reading, whiehéver is greater.

e) Use a[metal oxide capacitor-equipped. analyser on a range which is no greater than ten times the [specified
maximyim water content.

6.5 Total hydrocarbon content
The total (vplatile) hydrocarbomcontent (as methane) shall be determined using one of the following instruments.

a) Usea :Rame ionization-type analyser, calibrated at appropriate intervals by the use of calibration gas standards.
The rapge used<hall be no greater than ten times the specified maximum total hydrocarbon content expressed
as methane.

b) Use a|gas-cell-equipped infrared analyser, calibrated at appropriate intervals by use of calibration gas
standatds—at—a—wavetength—of—approximatety—3;5—m—{the—characteristic—absorptionm—wavetength—or C—H
stretching). The analyser shall be operated so that its sensitivity for methane is at least 0,1 pmol - mol~1 or
10 % of the specified maximum total hydrocarbon content, whichever is greater.

6.6 Oxygen content
The oxygen content shall be determined using one of the following instruments.
a) Use an electrochemical-type oxygen analyser containing a solid or an aqueous electrolyte and calibrated at

appropriate intervals by use of calibration gas standards or integrally in accordance with Faraday’s Law. The
range used shall be no greater than ten times the specified maximum oxygen content.
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b)

c)

d)

e)

6.7
The

a)

b)

6.8
The

a)

b)

c)

d)

6.9
The

a)

b)

c)

Use a heat-of-reaction-type analyser, calibrated at appropriate intervals by the use of calibration gas standards,
or integrally in accordance with Faraday’s Law. The range used shall be no greater than ten times the specified
maximum oxygen content.

Use an analyser in which oxygen reacts to form a compound which is subsequently measured. The analyser
shall be calibrated at appropriate intervals by the use of calibration gas standards. The range used shall be no
greater than ten times the specified maximum oxygen content.

Use a gas chromatograph such as that described in 6.7 a).

Use a mass spectrometer, operated so that its sensitivity is at least 0,5 wmol - mol~1 or 10 % of the specified
MaxjTumT OXyYQelT COTENt, WHCHEVer 1S greater.

Argpn, nitrogen, neon and helium contents

2

argoh, nitrogen, neon and helium contents shall be determined using one of the following instrumen

Use|a gas chromatograph, capable of separating and detecting the desired component with a densitivity of
0,5 gmol - mol-! or 20 % of the specified maximum content of the component, whichever |is greater.
Appropriate impurity-concentrating techniques may be used to attain the_sensitivity. The analyser shall be
calibrated at appropriate intervals by the use of calibration gas standards.

NOTE This method may be used not only for argon, nitrogen, neowr and helium determinations, buf also for the
deteimination of any other limiting characteristic of gaseous components.

Usel|a mass spectrometer, operated so that its sensitivity is atleast 0,5 pwmol - mol~1 or 10 % of the specified
max|mum content of the component, whichever is greater.

Carpon dioxide content

carbpn dioxide content shall be determined using_ore of the following instruments.
Use|a gas-cell-equipped infrared analyser. The-analyser shall be calibrated at appropriate intervalg by the use
of calibration gas standards at a wavelength of approximately 4,3 wm. The analyser shall be opgrated so its
senditivity for carbon dioxide is at least;0,1 wmol - mol~1 or 10 % of the specified maximum carpon dioxide

content, whichever is greater.

Use|a gas chromatograph such_as that described in 6.7 a). The technique utilized shall be sp€cific for the
sepgration and analysis of carban dioxide.

Use [a catalytic methanator’gas chromatograph such as that described in 6.7 a).
Uselan analyser jin which carbon dioxide reacts to form a compound which is subsequently measured. The
analyser shall be-calibrated at appropriate intervals by the use of calibration standards. The range used shall
be np greater‘than ten times the specified maximum carbon dioxide content.

Carpon.monoxide content

carbon monoxide content shall be determined using one of the following instruments.

Use an apparatus employing a detector tube filled with a colour-reactive chemical. The degree of accuracy is
dependent on the precision of the measurements and analytical bias of the tube.

Use a gas-cell-equipped infrared analyser, calibrated at appropriate intervals by the use of calibration gas
standards at approximately 4,6 um. The analyser shall be operated so that its sensitivity for carbon monoxide
is at least 0,1 wmol - mol~1, or 10 % of the specified maximum carbon monoxide content, whichever is greater.

Use an analyser in which carbon monoxide reacts to form a compound whose content is subsequently
measured. The analyser shall be calibrated at appropriate intervals by the use of calibration standards. The
range used shall be no greater than ten times the specified maximum carbon monoxide content.
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