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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

A method for measuring hydrogen chloride (HCl) and hydrogen fluoride (HF) in biomethane is described
based on the absorption of these components on an alkali-impregnated quartz fibre filtre. The anions chloride
and fluoride are then analysed by ion chromatography with conductimetric detection. The concentrations
are expressed in equivalent hydrochloric acid and hydrofluoric acid at appropriate reference conditions.
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Analysis of natural gas — Halogen content of biomethane —

Part 1:

HCIl and HF content by ion chromatography

1 Scop

-

This docuinent specifies a method for the determination of the concentration of hydrochloric'acid

hydrofluot
sorbent tr

The methd

ic acid (HF) in biomethane, after absorption on an alkali-impregnated quartz fibre fi
hp, by ion chromatography (IC) with conductimetric detection.

d is applicable to biomethane for concentration levels for HCI from 0,07 'fig/m3 to 35 1

for HF from 0,07 mg/m3 to 20 mg/m3.

Unless sta
(see ISO 11

This meth
biomethar]

fed otherwise, all concentrations in this document are given understandard reference
443). Other conditions can be applied.

od is also applicable to biogas. This method is intended\to support conformity asse
e and biogas according to specifications, such as the EN 16723 series.

ative references

2 Nor:]1
The followling documents are referred to in the text in such a way that some or all of their content ¢

requireme
the latest ¢

ISO 3696,

ISO 6974-1
Part 1: Gen

ISO 6974-2
Part 2: Und

ISO 6974-]
— Part 3: |

[SO 6976,
compositig

[SO 10304

nts of this document. For dated references;only the edition cited applies. For undated 1§
edition of the referenced document (ineluding any amendments) applies.

Water for analytical laboratory uses===Specification and test methods

, Natural gas — Determination of composition and associated uncertainty by gas chromat
eral guidelines and calculgtion of composition

, Natural gas — Determination of composition and associated uncertainty by gas chromat
ertainty calculations

, Natural gas &~ Petermination of composition and associated uncertainty by gas chron
Precision and bids

Natural.gas — Calculation of calorific values, density, relative density and Wobbe in
n

-1 Water quality — Determination of dissolved anions by liquid chromatography of iong

(HCl) and
tre or in a

hg/m3 and

conditions

rssment of

onstitutes
eferences,

bgraphy —

bgraphy —

atography

dices from

— Part 1:

Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and sulfate

[SO 14532,

Natural gas — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14532 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2024 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

31
analyte
element, ion or substance to be determined by an analytical method

[SOURCE: EN 16687:2015, 4.1.11]

4 Symbols and abbreviated terms

4.1 Symbols

Symbol Description Unit
P Concentration of gaseous hydrogen chloride or hydrogen fluoride in biomethane 1Lg/m3
Px) Concentration of ions chlorides or fluorides g/l
M(x-) Molar mass of ions chlorides or fluorides 5 /mol
M(x) Molar mass of hydrogen chloride or hydrogen fluoride 5 /mol
My Mass of gaseous chlorides or fluorides collected g
Vg Volume of extract solution
Veas Volume of the gas sampled m3
ay Volume flow rate of the gas during sampling ml/min
Po Pressure at reference conditions kPa
Pgas Pressure at sampling conditions kPa
t Sampling time min
Ty Temperature at reference conditions K
Tgas Temperature at sampling/conditions K
Z Compressibility factor 1
4.2 Abbreviated térnis
CD conductimetric detector
HCI hydrochloric acid
HF hydrofluoric acid
HPLC high-performance liquid chromatography
IC ion chromatography
SI international system of units

© IS0 2024 - All rights reserved
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5 Principle

Hydrochloric acid (HCI) and hydrofluoric acid (HF) contained in biomethane are trapped on an alkali-
impregnated quartz fibre filter. The adsorbed inorganic halides are eluted by aqueous extraction with a
sonification step.

NOTE Where “biomethane” is written, it is implied that it also covers biogas.

The instrumental analysis of chlorides and fluorides in the extracts is performed by ion chromatography
with a conductimetric detector (CD).

When using CDs, it is essential that the eluents show a sufficiently low conductivity. For this reason, CDs are
usually combined with a suppressor device (cation exchanger), which will reduce the conductivity of the
eluent and[transform the sample Species INto their respective acids.

6 Reagents and consumables

6.1 Genleral

Use only rpagents of recognized analytical grade. Weigh the reagents with a rélative expanded upcertainty
of +1 % (k|= 2) of the nominal mass, unless stated otherwise.

6.2 Water

The water|used in this method shall comply with grade 1 in accordance with ISO 3696.

6.3 Aqueous solutions
Sodium carbonate solution, Na,CO5; with a mass concentration of 50 g -1,

Sodium bigarbonate solution, NaHCO5; with an amount-of-substance concentration of 0,002 4 mol |1,

6.4 Chloride and fluoride stock standard solutions
The solutipns shall have a mass concentration of py = 1 000 mg 1! + 10 mg 11 (k = 2) each.

Single anipn and mixed anion stoek.solutions with adequate and required specification are comnmercially
available. [These solutions are stablé for several months. Solutions used shall have certified condentrations
with accepjtable metrologicaltraceability and a stated uncertainty.

6.5 Chloride and flueride standard solutions

Depending on the<{ghcentrations expected, prepare single or mixed standard solutions of chloride and
fluoride cgncentrations from the stock standard solution (6.4). Store the standard solutions in polyethene
bottles.

The equip ment-tused (c.s. batances;votumetric 515133 war c) shattbe—calibrated-orcheckedfor PT formance.
The calculation of the concentration(s) of the standard solution(s) shall include the evaluation of the
measurement uncertainty associated with the concentration.

NOTE Guidance on the evaluation of measurement uncertainty is given in Reference [3].

For example, a chloride and fluoride mixed standard solution, py= 10 mg I1 each is obtained by pipetting
using a volumetric pipette of 1,0 ml of each of the stock standard solutions (6.4) into a 100 ml volumetric
flask and filling the flask up to the volume with water (6.2).

These solutions shall be stored in the dark between 2 °C to 8 °C in polyethene bottles and shall be used until
one week after preparation.

© IS0 2024 - All rights reserved
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6.6 Chloride and fluoride calibration solutions

Depending on the concentrations expected in the sample, use the standard solution (6.5) to prepare, e.g.
5 to 10 calibration solutions distributed as evenly as possible over the working range. The working range
shall be wide enough to allow interpolation of the concentrations of the envisaged extracts prepared from
samples of biomethane (see Clause 9).

EXAMPLE

For the range 0,05 mg 11 to 0,5 mg I-1: pipette using a calibrated micropipette, into a series of 20 mL
volumetric flasks, the following volumes: 100 pl, 200 pl, 300 pl, 400 pl, 500 pl, 600 pl, 700 pl, 800 pl, 900 ul or 1 000 pl
of the standard solution (6.5) and dilute to volume with water (6.2).

The nominal concentrations of the anions in these calibration solutions are: 0,05 mg 11, 0,1 mg1?1, 0,15 mgl1,
0,2 mgl1, 0,25 mglt, 0,3 mgl?, 0,35 mgll, 0,4 mgll, 0,45 mgllor0,5 mgll, respectively.

Prepare tH

6.7 Blal:k

Fill a volu

6.8 Elug

Degas all
freshly if

The choice
document
column an

6.9 Qua

Quartz fib
with a por

e calibration solutions on the day of use.

etric flask (e.g. 100 ml flask) with water (6.2).

bnts

vater used for eluent preparation. To minimize the growth of bacteria or algae, prep4
he current ones are older than three days.

of eluent (for example, potassium hydroxide, KOH) depénds on the chosen column. (
htion of the column or seek advice from the column supplier. The chosen combination of
d eluent shall meet the resolution requirements stated in 7.3.

rtz filters

e size of 2,5 um.

6.10 Syr

ge filters

!
Nylon syringe filter with a diameter of0,45 um.

6.11 Sorl

Activated
- 40 mesh

7 Appa

hent tubes

Gilica gel cartridges, specially cleaned, suited for active air (gas) sampling. Particle siz

ratus

re eluents

onsult the
separator

e filters suitable for gas sampling of acidic gases of an appropriate diameter in a sampling cassette

b: 20 mesh

7.1 Genleral

Usual labo

7.2 lon

In general,

ratory apparatus, and, in particular:

chromatography system

it consists of the following components (see Figure 1):

— eluent reservoir and degassing unit

— metal-

free HPLC pump

— precolumn, if necessary

© IS0 2024 - All rights reserved
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— separator column, with the specified separating performance (7.3)

— condu

ctimetric detector (CD)

— recording device (e.g. a computer with software for data acquisition and evaluation).

Sample
injection
Eluent HPLC Precolumn | | Separator | | () Waste
pump column
Recorder

Figure 1 — Ion chromatography system
7.3 Quadlity requirements for the separator column
In chromafograms of samples and standard solutions, the peak resolition, R, between the anion |of interest
and its negrest peak, shall not fall below 1,3.
Separatiorn conditions shall be such that possible interfering.anions will not interfere with the anion of
interest. Ppssible interactions are organic acids, such as acetic and formic acid. Where relevant, the column

and separsi

ition conditions shall be assessed to confirm that\no such interferences occur.

Apre-coluinn is used to protect the column. It should be:used if recommended by the manufacturer of t

8 Sampling and sample pre-treatment

8.1 Ge

lleral
Gaseous chlorides and fluorides canbe sampled simultaneously. Two different methods can be u

sampling,
of the met

8.2 Sam

8.2.1 Fi

bne based on quartz filter'and the other on cartridges/sorbent tubes. For evaluating per
hods, a dynamic geperation as indicated in Annex B can be used.

pling equipment

ter

A quartz

ictofibre filter, suited for particulate matter of 10 um and 2,5 pm, is impregnated

he column.

sed for the
formances

by deposit

of 500 pL pf@ carbonate solution prepared at 50 g Na,CO, per litre. After impregnation, dry the

filter in a

ventilated

oven at the temperature of about 50 °C at least 1 h.

Two alkali-impregnated quartz fibre filters are required. Place a first filter at the bottom of the sampling
cassette and a second filter on the top of the sampling cassette.

8.2.2 Cartridges

Use activated silica gel (20/40), specially cleaned glass fibre filters. The cartridges are divided into two
sections by a glass fibre filter. The first part collects the HCl and HF and the second part is a backup section
that eventually collects the amount of acids that have not been collected in the first part.

The sampling cassette with the impregnated filters can be stored three months after preparation.

© IS0 2024 - All rights reserved
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8.2.3 Pump

Use a leak-free pump capable of sampling gas at a set flow rate. For quartz filter sampling, a pump with flow
between 11/min to 3 1/min and for cartridges sampling, a pump with flow between 0,1 1/min to 1 1/min shall

be chosen.

8.3 Sampling

8.3.1 Filter-based method

The sampling is performed with controlled volume flow rates set at 1 1/min during 30 min onto the alkali-

impregnat

ed quartz fibre filters.

The two fi
HCl or HF

8.3.2 C(a

In the sorh
or less if th
section is {

8.3.3 G3

For both
meter. Thq
temperatu

%

gas

The compi

the compg
ISO 6974-2
the compr

8.4 Sam

84.1 Fi

Open the
impregnat

Place each
bottles. Pl

ters are positioned in succession in the holder with the second filter used as a control
lvould break through the first filter.

rtridge-based method

ent tube the sampling is performed with a controlled flow volume set atimost 0,5 1/min
e sample contains high concentration of HCI or HF. The tube is dividéd)in two sections,
o check if not all HCI or HF has been adsorbed in the first one.

s volume measurement

methods in 8.3.1 and 8.3.2, the volume flow rate shall be measured using a calib
b calibration shall take any effects from biomethane\into consideration. The volume
re, pressure and sampling time shall be recorded. The gas volume is calculated as Form

Z(Ty,po)

(T,

1y L
as ’pgas )
essibility factors Z(T,,py) and Z(TgaS ,pgas) shall be calculated in accordance with I

sition of the biomethane is not:known, it shall be measured in accordance with I§
and ISO 6974-3. For the purpose.of this document, the measurement uncertainty assoq
bssibility factors may be ignored.

ple pre-treatment

ter-based method

cassette taKing care not to lose any particles deposited on the walls and not to
ed filters:

filter-ised for sampling, laboratory and field blanks separately on the bottom of 1
hce 20 ml of water on each filter. If necessary, this volume of water can be adapted tg
re-Concentrated

to verify if

for 20 min
the second

rated flow
flow rate,

ula (1):
(1)
0 6976. If

50 6974-1,
iated with

ollute the

beakers or
obtain an

extract md

Ultrasonic

the vessels for 5 min in a bath at room temperature.

The extract shall be filtered at 0,45 pm with a nylon syringe filter before injection for the analysis.

8.4.2 Cartridges-based method

Remove the tubes from the sampling line taking care not to break the glass.

Cut the first end of the trap, remove the glass wool and put it in the first vial. Remove the sorbent material
from the tube and add it in the first polyethylene vial with 10 ml of solution of 0,003 mol/l CO4% /

© IS0 2024 - All rights reserved
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0,002 4 mol/1 HCO5". Boil the vial for 10 min in pure water, cool down and pour the contents into a graduate
flask. If the volume is less than 10 ml, add water (6.2) to 10 ml final volume of the extract.

Treat the back section in the same way.

9 Procedure

9.1 General

The analytical method described in ISO 10304-1 shall be used. Therefore, the following is only a reminder of
the essentials of the procedure.

Set up the
example o

Run the e
injecting v

Perform the calibration as described in 9.2. Measure the samples, calibration (6.6) and blank sol

as describ

9.2 Cali

Prepare th

Inject the
samples,
by compatr
shall not e

Using lines

Adjust the
concentrat

9.3 Mes

After estal
as describ

The use o
matrices n

If the cond
calibratior

If the con

functlon f( r tha lnv\'rer "n'rnrkinn- ranaga and re anq]ncn i ifnocaccary

ion chromatographic system (7.2) according to the instrument manufacturer’s instru
Fa suitable analytical condition is provided in Annex A.

uent, wait for a stable baseline and ensure that the system is free of chloride“and f
ater.

bd in 9.3.

pration
e calibration solutions as described in 6.6.

calibration solutions (6.6) including a blank to coyei~the expected concentration ra
Fhile remaining within the linear response range of the apparatus. Identify the peaks
ing the retention times with those of the calibration solutions (6.6). Deviation of reten
kceed +10 % within a batch.

1 or quadratic regression, establish the equation of the reference straight line or curve

established calibration function, if necéssary (e.g. measure standard solutions of diffe
ions in the lower and upper third-efthe working range).

surement

plishing the calibration function, inject the sample into the chromatograph and measurg
bd above (9.2).

nade of filter with carbonates but also to protect the analytical separator column.

entratiomof the analyte exceeds the calibration range, dilute the sample or establish
functienfor a higher working range and re-analyse it.

Centration of the analyte falls short of the calibration range, establish a separate

ctions. An

luoride by

ution (6.7)

Inge of the

for anions
tion times

rent anion

the peaks

f a precolumn i§tecommended not only for the analyses of aqueous extract loaded with the

A separate

ralibration

oIS ot

TIoTy e TC;, T Ire ceoooT Y

If matrix interferences are expected, use the method of standard addition to confirm the results (verify the
peaks by comparing the retention time of the spiked sample with those of the original sample).

Measure the blank solution (6.7) in the same way as the sample.

10 Calculation

Calculate the concentration, C(,, in micrograms per litre, or milligrams per litre, of the ion chlorides and of
the ions fluorides in the extract solution using the peak areas or peak heights according to the calibration

function u

sed (9.2).

© IS0 2024 - All rights reserved
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Take into account all dilution steps.

The gaseous chlorides (HCl) and fluorides (HF) mass in the filters are calculated using Formula (2):

M,
(X)
my=p,..,  Vo——" 2
X P(X VS (2)
(x)
where
mx, is the quantity of gaseous chlorides or fluorides collected, expressed in pg;
px) isthe concentration in ions chlorides or fluorides, expressed in pug/l;
Vs is the volume of extract solution (see 8.4), expressed in |;
M(x’) is the molar mass of ions chlorides or fluorides;
My |is the molar mass of hydrogen chloride or hydrogen fluoride.
In function of the sampling conditions, the hydrogen chloride or hydrogen fluoride concenfrations in
biometharje are calculated using Formula (3):
mx
py =1000—2) 3)
gas
where
mx, |is the quantity of gaseous chlorides or fluorides callected, expressed in pg;
Py |isthe concentration of gaseous hydrogen chlorides or hydrogen fluorides in biomethane,expressed
in pug/m3;
Vaas |is the sampling volume (see 8.3), expréssed in I
In the evaluation of measurement uncertainty; the following factors should be taken into account
— repeatability;
— reprodlucibility;
— recovgry;
— sampljng.
NOTE Guidance onthe evaluation of measurement uncertainty and the evaluation of the performance|of methods
can be foun(d in Refefences [3], [4] and [6].
The measpremment uncertainty reported for the results should reflect the results from quality control
measuremnjents and incorporate the deviation between the individual readings for the sample in question.

11 Expression of results

The results shall be reported using SI units (e.g. pg/m3) and include the measurement uncertainty.

In general, values shall not be expressed to a degree of accuracy greater than three significant figures. The
rounding of values will depend on the uncertainty of the measured concentration: the decimal place of the
last digit of the reported concentration shall correspond to that of the reported uncertainty.

© IS0 2024 - All rights reserved
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12 Performance characteristics

12.1 Calibration check

For calibration check, a verification solution with certified concentration and known measurement uncertainty
shall be used. Additionally, this solution or a calibration solution may be used for drift control during the
measurement cycle. The accepted deviation shall be in the limit of the laboratory quality control policy.

12.2 Performance data

The performance characteristics have been determined in a validation study. The results of this study are
given in Annex A.

13 Test

The work
unambigu

report

The test rgport shall contain:

a) the dar
b) the value, expanded uncertainty, and coverage factor used;

c) there
d) arefet

NOTE

Ference conditions used;

ence to this document.

e, time and location of sampling;

carried out by the testing laboratory shall be covered by a report which aceurately, d
busly presents the test results and all other relevant information.

SO/IEC 17025 contains further guidance on test reports.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Characteristics of the method

A.1 Analytical conditions

— preco

— flow:

— eluant:

— temps

umn and column: AG19 and AS19 4 mm/250 mm (Thermo Scientific);

| ml/min;

KOH;

— injection volume: 25 pl;

— elutio

— detect
— tempsdg
— electr
— suppr

— suppr

rature of the column: 30 °C;

1 mode: gradient of eluent concentration;

Time Events c¢/mmol I'1 KOH
min
-7 Stabilization 10
0 Start'acquisition 10
10 10
1001 45
17 45
1701 End 10

ion: conductimetric;

bchemical suppression;

pssion' current: 112 mA;

rature of the cordiictimetric cell: 35 °C;

pssor ASRS - 4 mm (Thermo Scientific);

— retention time: 5 min for F- and 8,02 min for Cl-.

A.2 Validation data

The method has been validated according to the NF T90-210 standard.

The calibration ranges have been defined from:

— for HCI: 2 ug Cl-/filter to 1 000 ug Cl-/filter equivalent to 0,07 mg/m3 to 34,3 mg/m3;
— for HF: 2 pg F-/filter to 500 pg F-/filter equivalent to 0,07 mg/m3 to 17,5 mg/m3.
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