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Forewo
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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
electrotechnical standardization.
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Introduction

This document describes a method for the determination of the siloxane content of biomethane that is

applicable to both laboratory and online analyses.

Siloxanes are a common contaminant in biogas, caused by their extensive use in common household
products such as cosmetics and detergents. These products eventually become entrained in waste
streams that are used to generate biogas. Additionally, siloxanes are sometimes added to digesters as

anti-foaming agents to improve generation efficiency.

If net—effeetive emoved—sHoxane : e—damage—to—g processing—and—veh

equipment through formation of silica deposits at high temperatures. Many gas distribut
meapurement reports to demonstrate that the resultant biomethane conforms with thé€irire
whigh typically includes siloxane content due to its potential to cause damage. Additienally
may|wish to monitor siloxane content for process optimisation purposes.

The |technique described in this document is commercially available and)tailored spg
meapuring siloxanes within biomethane at low concentrations (for instanceyas specified iy
110lfand EN 16723-2[111). It is suitable for use both in the laboratory and field.

le injection
ors require
quirements,
, producers

ecifically to
1 EN 16723-
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Analysis of natural gas — Silicon content of biomethane —

Part 2:
Determination of siloxane content by gas chromatography
with ion mobility spectrometry

1 Bcope

This| document describes a gas chromatography - ion mobility spectroscopy (GE-IMS) [method for
the fletermination of the concentration of siloxanes in biomethane. The method is appli¢able to the
following siloxanes:

— hexamethyldisiloxane (L2);

— pctamethyltrisiloxane (L3);

— Hecamethyltetrasiloxane (L4);

— Hodecamethylpentasiloxane (L5);

— hexamethylcyclotrisiloxane (D3);

— pctamethylcyclotetrasiloxane (D4);
— Hecamethylcyclopentasiloxane (D5);
— Hodecamethylcyclohexasiloxane (D6):

This{document describes suitable calibration and measurement strategies to quantify siloxgnes in (bio)
methane around and above the 033 mg m-3 (14 pmol mol1) level and applies to analyses witlin absolute
pressure ranges of 1 bar - 2 bard); temperatures of 0 °C - 40 °C and relative humidity < 90 %.

2 Normative references

The [following docunents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO ¢142-t;-Gas analysis — Preparation of calibration gas mixtures — Part 1: Gravimetric method for Class
I miXtures

ISO 6143, Gas analysis — Comparison methods for determining and checking the composition of calibration
gas mixtures

[SO 6144, Gas analysis — Preparation of calibration gas mixtures — Static volumetric method

ISO 6145-1, Gas analysis — Preparation of calibration gas mixtures using dynamic methods — Part 1:
General aspects

[SO 7504, Gas analysis — Vocabulary
[SO 10715, Natural gas — Gas sampling

1) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?2.

©1S0 2023 - All rights reserved 1
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ISO 10723, Natural gas — Performance evaluation for analytical systems

ISO 14532, Natural gas — Vocabulary

ISO 14912, Gas analysis — Conversion of gas mixture composition data

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions

For the purjposes of this document, the terms and definitions given in ISO/IEC Guide 98-3, 1S0,7
ISO 14532 dnd the following apply.

[SO and [E(Jmaintain terminology databases for use in standardization at the following addrésses:

IECEle

31

ion mobilit
IMS
analytical 1
mobility in

4 Princi

A gaseous |
onto a GC

column, the
electric fiel
their mass §

The instruy
the detecto

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

F output to generate a calibration function. The function can then be applied to unkn

ctropedia: available at https://www.electropedia.org/

y spectrometry

hethod used to separate and identify ionised molecule$ in the gas phase based on
h carrier gas under an electric field

ple

iomethane sample is drawn into a sampledeop via a vacuum pump. The sample is inje
olumn, which separates the individual.components in the gas mixture. As they exit

1, and a flow of inert nitrogen drift'gas causes the ions to drift at different rates base|
ind geometric structure onto a detector.

hent is calibrated by sampling an appropriate range of siloxane concentrations and y

504,

heir

cted
the

components are ionised and passed“into a drift tube. The drift tube applies a defiined

d on

sing
own

samples to|calculate the concentration of siloxanes. This can then be summed to calculate fotal
siloxanes and total silicon.
The metho( is applicable te.siloxanes within the concentration ranges provided in Table 1.

Table 1 — Application ranges
Component Abbreviation Formula I(‘;g(:_?)mit gggel;?)m it
hexamethyltisiloxane L2 CoH 0Si 0.1 10,0
octamethyltrisiloxane L3 CgH,,0,Si3 0,1 10,0
decamethyltetrasiloxane L4 C10H3005Si, 0,1 10,0
dodecamethylpentasiloxane L5 C1,H340,Sig 0,1 10,0
hexamethylcyclotrisiloxane D3 CgH1g03Si5 0,1 10,0
octamethylcyclotetrasiloxane D4 CgH,40,Si, 0,1 10,0
decamethylcyclopentasiloxane D5 C10H3005Sis 0,1 10,0
dodecamethylcyclohexasiloxane D6 C1,H3604Sig 0,3 10,0

NOTE

containing compounds can also be found as impurities within biomethane.

Trimethylsilanol and trimethylsilane are outside of the scope of this document, but these silicon-

© IS0 2023 - All rights reserved
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5 Materials

5.1 Calibration gases

Calibration gases containing siloxanes of appropriate concentrations for calibration in a methane
matrix. Calibration gases shall be traceable to a national standard and certified in accordance with
ISO 6142-1, ISO 6143 or I1SO 6144.

The two acceptable methods for multipoint calibration of siloxane analysers are:

a) the use of individual calibration gas mixtures in the cylinders for each concentration needed;

b) the use of one calibration gas mixture in the cylinder containing siloxanes in methan¢, diluted as
hecessary with methane, to obtain the calibration concentrations needed.

5.2 | Diluent gas

The diluent gas is a pressurised cylinder of pure methane or = 99,999 cmol/mol purity gradle, certified
to cpntain less than the limit of detection (LOD) of siloxanes for the-measurement system. Use of a
dilug¢nt gas is not required if individual certified standards are used for-ealibration.

NOTE The method described in this document was validated using methane of = 99,999 cmdl/mol purity
gradp. The use of lower purity grades requires validation of the method prior to use.

5.3 | Carrier and drift gas

The |carrier and drift gas is pressurised nitrogen of‘at least 10 bar pressure and = 99,999 cmol/mol
purity grade.

NOTE 1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mmZ. The method described in this document was validated
using nitrogen of = 99,999 cmol/mol purity grade. The use of lower purity grades requires valiglation of the
metHod prior to use.

6 Apparatus

6.1 | GC-IMS analyser, containing injection device, oven, regulation system for tempgrature and
pressure control. Chromatographic column tubing should be made of a material inert|to siloxane
compounds (for example, passivated stainless steel or silicon-free glass). Column stationdry phase in
compination with théion mobility spectrometer shall be able to separate the siloxane compjounds to be
analysed.

An example-schematic is provided in Annex A.

6.2 | Pressure regulator, to supply carrier and drift gas pressures from source cylinflers to the

ISEr _QC CY\DI"'i'F'in] l‘\" m')“'l'l‘F'){"f'l'lV‘ﬂ'l"
analkser-as-specified by

6.3 Dilution device, any device capable of diluting with methane a parent siloxanes gas mixture to
a required concentration level. The dilution device shall be capable of providing thorough mixing of
the parent siloxanes gas mixture and methane, and capable of providing the required pressure to the
GC-IMS analyser. It shall be capable of providing the required flow rate of the calibration gas and diluent
gas in order to produce the required gas mixture composition. It shall be made of or passivated with a
material inert to siloxane compounds, if in contact with siloxane species. It is important that the wetted

©1S0 2023 - All rights reserved 3
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surfaces are made of appropriate materials (or have appropriate passivation) to prevent siloxane
adsorption. Guidance on passivation suitability is available in open access scientific literature(12].[13].[14],

Uncertainty of the dilution factor shall be known and taken into account in the uncertainty budget.
Dilution device shall be calibrated according to ISO 6145-1. Use of a dilution device is not required if
individual certified standards are used for calibration.

NOTE Dilution device can be based on methods specified in the ISO 6145 series.

6.4 Auxiliary valves, tubing and accessories, for controlling the flow of biomethane into the analyser.
The materials should have passivation or adsorption resistance appropriate for the measurement of
siloxanes. Hassivation of stainless steel using proprietary techniques is available to inhibit adsergtion
as demonstrated by researchl12l, Results of investigations into coating suitability is availablé)as [part

of research
“Metrology

7 Sampl

7.1 Gene€

[t is impor
due to theil
the potenti
sampling c3
importance

Carry outr

time of sampling. Sampling and sample transfer shall bedn accordance with ISO 10715.

7.2 Safelly precautions

Safety prec
transportat

project outputs, such as EMRP ENG54 “Metrology for biogas”[13] and EMPIR ‘¥6EN
for biomethane”[14].

ing

ral

fant that an appropriate sampling procedure is employed<for the analysis of siloxd
tendency to adsorb on to the wetted surfaces of certaimvmaterials. Additionally, the
h] for siloxanes to condense out of gas streams due to.temperature effects. Inapprop
n lead to bias in the measurements and therefore sampling considerations should be of

bpresentative sampling in such a way that the;sample represents the bulk of the gas a

hutions relating to personnel, equipment, flammability, personal protective equipment
ion are described in the ISO 10715, which should be followed.

7.3 Tem

Always sto
homogeno

cylinder and the gas chrom

guidelines).

perature control

GO5

Ines,
re is
riate
high

[ the

and

nder
ition
vice

e bothrealibration and sample gases at the same suitable temperature and ensure both are
prior to use.

)

O W C C

tu

atograph loop injctio e heated (according to manufac

7.4 Construction materials

1 the
rer’s

Use appropriate materials or passivation that reduce siloxane adsorption to a level that will not cause
analytical bias (e.g. proprietary treatments are available to produce passivated stainless steel). The

general con

siderations of ISO 10715 should always be followed.
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7.5 Cleanness

When a calibration or sample gas cylinder is to be connected to a gas system, always visually inspect
the connection on the cylinder valve outlet. Carefully clean out any dirt, dust or particles with a dust-
free cloth. Any trace of humidity should be purged out with dry inert gas.

Make sure that all transfer lines are free of dirt, rust, grease or other particles. Change all tubing/
fittings if there is any suspicion of impurities or damage. Particle filters may be helpful, but they shall
only contain material proposed in ISO 10715 and shall not cause adsorption of siloxanes.

7.6 _Sampling of biomethane into vessels

Apr
sam
appt

eviously evacuated vessel is used to gather the sample. This could be for example, d gay
ble cannister. It is important that the wetted surfaces are made of appropriate materi
opriate passivation) to prevent siloxane adsorption. This sampling method is@pplicabl

bionpethane pressure is either above or below atmospheric pressure, and thesource tem

either greater or less than the sample vessel temperature.
NOTE An example of this technique is described in ISO 10715.
7.7 | Installation of the calibration gas cylinder

The

installation of a calibration gas cylinder and use of the eexfified gas mixture is depen|

method by which a gas sample is taken and is to be analysed/eompared. To minimise the sy

cont
flow

NOT

7.8

Som
be u
regu
the 1

To f
pass
cert
regy

Neve
cert
109

Alw

act, it is important to connect the calibration gas asqear as possible to the injection po
from the calibration cylinder may be diluted usingza dilution device (see 6.3).

»
M

One principle for the connection of a calibration gas cylinder in direct sampling is shown

Pressure control

e measurements may be carried out’at close to atmospheric pressure, in which case a p
sed to draw sample into the sample loop. If pressure reduction is necessary, only usg

egulator manufacturer.

irther minimise any_adsorption effects, a regulating needle valve (of appropriate
ivation) could be connected directly to the gas cylinder or sample point valve. Ensy
fied pressure range-of this valve suits that of the total system and that no local or nat
lation prohibitssuch an arrangement.

br use a calibration gas mixture with a total pressure lower than that recommen|
ficate. 'no recommendation is stated, stop using the mixture if the total pressure is
of thekertified filling pressure.

cylinder or
als (or have
e where the
perature is

dent on the
rface in gas
int. The gas

nISO 10715.

ump should
a pressure

lator made of the material approved for use with the gas mixture in question as reconpmended by

material or
re that the
ional safety

ded on the
lower than

hySuse the same pressure when injecting the calibration mixture and the biomethane g

ample.

It is recommended to use the same pressure or flow reducers for both the calibration gases and samples
where possible, to minimise the potential for bias caused by this. If diluent gases are used, the pressure
should be regulated to the same pressure that the diluent system was calibrated to.

7.9 Purging of wetted flow path

Purging of the system may be required if the wetted flow path has been exposed to gases other than
those being measured (for example ambient air). Due to the strong tendency of siloxanes to adsorb to
different materials, it is important to purge all wetted surfaces with the gas to be measured from the
calibration cylinder or gas sample to the injection point. The purging should include a minimum number
of “fill and empty” cycles as described in ISO 10715.

© IS0 2023 - All rights reserved
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When analysing calibration or sample gases with different concentration levels, always flush the
transfer lines and the valves with dry nitrogen or methane in order to avoid memory effects. Additional
purge cycles may be required when moving from high to low siloxane concentrations.

7.10 Flow control

As stated in ISO 10715, turbulent flow is advantageous in a sampling system. The flow rate of the
calibration gas with 3,175 mm (1/8 in) tubing is recommended to be between 20 ml min?! and
50 ml min'! as it passes through the sample loop. Other flow rates may be used, as recommended by the
manufacturer. The flow rate of sample gases should be the same as the calibration gases.

For near atjospheric pressure samples, flow can be achieved through use of a sampling pump,plpced
after the sample loop to avoid contamination.

7.11 Diffulsion control

Any leakage caused by diffusion should be avoided by using pressure regulators mrith non-permgable
membranesg.

Be aware that using polymer types of tubing in gas transfer lines can cause problems related to diffysion
of humidity|from the environmental air.

8 Calibnation

8.1 Calibration procedure

The instrurpent can be calibrated over the desired rangé‘of interest using either multiple calibrgtion
gas mixtur¢s in cylinders or one calibration gas mixture in a cylinder together with a dilution dgvice
and a diluent gas. The calibration shall be in accordance with ISO 10723. Further guidance is available
in 1SO 69741171,

8.2 Freqpency of calibration

Perform a nmultipoint calibration whem:
a) the analyser is first installed;
b) the analyser has had maintenance that could affect its response characteristics;

c) the andlyser shows{drift in excess of performance specifications as determined via compaiison
with a ¢alibration standard as part of routine calibration checks.

9 Measurement procedure

9.1 Safety precautions

Follow all safety guidance as recommended by the manufacturer. The analyser should only be opened
or altered by authorised persons as identified by the manufacturer due to potential high voltages
and the presence of an ionisation source. Ensure that the environment is appropriate to carry out the
procedure based on local and national safety requirements.

9.2 Analysis

Establish calibration using an appropriate number of calibration standards. “An appropriate number”
of calibration standards is three for a linear function, five for a second-order polynomial, seven for a
third-order polynomial, five for a power function and five for an exponential function. Requirements
within ISO 6143 shall be followed for determining the analysis function.

6 © IS0 2023 - All rights reserved
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Check the analyser system operating parameters are suitable for performing the required analysis, and

set the sample flow rate.

Perform quantitative analysis and determine the mass concentration and uncertainty budget of

siloxanes in the sample gas in accordance with ISO 6143 and ISO 14912 (if required

to convert

compositional data). Example method parameters and analytical procedure are provided in Annex A.

10 Expression of results

10.1 Quantities and units

The [content of siloxanes within biomethane shall be expressed in SI units of amoy
(e.g.Jumol mol1) or mass concentration (mg m-3). Composition of the calibration gas mixtur
expilessed in units of amount fraction. The composition data shall be converted ffpm amo
to mjass concentration according to ISO 14912. When the results are expressgd in ter
condentration, respective reference pressure and temperature values shall be-specified.

10.2 Uncertainty

The Juncertainty of the measurement shall be evaluated and reported. The first step shall
indiyidual sources of random and systematic error in the method. These are then estim

nt fraction
ks is usually
int fraction
ms of mass

identify the
hited and/or

detefmined experimentally and combined in an uncertainty budget. Correlations between individual

sourjces should be investigated and taken into account in decordance with the provided m
model. Finally, the combined uncertainty is multiplied bj<ah appropriate coverage factor to
expdnded uncertainty. A coverage factor of two is rec@mmended, which gives a level of cc
appijoximately 95 % in the calculated value.

NOT
1S0/

1 Guidance on evaluation of measuremént uncertainty is available in, IS

EC Guide 98-3 and Reference [15].

e.g.

NOTE 2  Terms that contribute to the ramdom variability of the method are generally acco
the measurement precision, which can-be "determined from quality-control data. An error ass
instrjumental drift can be estimated, assuming a rectangular probability distribution, by divid

t‘f;‘
pernjitted before the instrument is fiecdlibrated by three.

NOTE 3

10.3 Testreport

The

and pnambiguously presents the test results and all other relevant information.

The
a)

Lest report shall contain:

Lhie-date, time and location of sampling;

hthematical
produce an
nfidence of

D 6974-218],

inted for in
bciated with
ng the drift

Systematic errors iriclude, for example, those associated with analyte adsorption to sampling system.

work carriedyout by the testing laboratory shall be covered by a report which accurately, clearly

b)

‘)
d)

the value, expanded uncertainty, and coverage factor used;
the reference conditions used;
areference to this document.

NOTE ISO/IEC 17025/9] contains further guidance on test reports.
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A.1 Anal

Annex A
(informative)

Example of application

vtical conditions

Example an|

alytical conditions are provided for a GC-IMS system in Table A.1.

Table A.1 — Example GC-IMS method parameters

Parameter

Setting

Ionisation s

hurce Tritium (300 MBq - below exemption limit in EURATOM)

30 m (5 % Diphenyl, 95 % dimethyl polysiloxane) x 0,44 mm x 0,32 pm

GC column FS-SE-54-CB-1

Column temjperature 80 °C isothermal

Carrier flow{ rate 15 ml/min

Carrier/Drift gas purity Nitrogen 5,0 purity grade
Sample loop volume 1 ml

Method runjtime 60 min

Analytes mg

asured

L2,L3,L4, L5, D3, D4, D5, D6, (+total Si, total SiO,, total siloxanes)

A.2 Anal

Select a suif
GC-IMS usiy

Purge the r¢
an appropr

Calibrate th
lines are th

Obtain suff
of each callil
has been re

Repeat for

ytical procedure

able number of calibration gasesfor use in instrument calibration and connect to the
g an appropriate regulator and connections as detailed in Clause 6.

boulator and sample lines fojyinstrument thoroughly using the calibration gases and esta
ate flow through the instrument sampling loop.

e instrument usingthe traceable calibration gases, ensuring that the regulator and samj
proughly purged-prior to each injection with the calibration gases.

cient repeat measurement of the calibration gas. A minimum of five stable repeat inject
pration gas)is recommended (the GC-IMS response should be monitored to confirm stalj
hched)s

hlremaining calibration gases. It is recommended to start from the lowest concentrd

blish

pling

ions
ility

ition

: . : L clealod L - 1 A A 3.1 - |
to minimisetire POSSIOITY OT Carry-over TIT SUDSTUUTITT NMITasuT CHITIITS Catustu Uy SoXalic CoMmpo

adsorbing a

nd desorbing from the sampling lines.

Connect the biomethane sample to the GC-IMS and purge lines thoroughly with the sample gas.

tnds

Establish an appropriate flow of biomethane through the GC-IMS sample loop (equivalent to that of the
calibration gases used during calibration step).

Obtain sufficient repeat measurements of the biomethane sample gas. A minimum of five stable repeat
injections of the biomethane sample is recommended (the GC-IMS response should be monitored to

confirm sta

bility has been reached).

Use calibration function obtained from instrument calibration to calculate the content of each analyte
within the biomethane sample.
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