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PERMEATION TUBE APPLICATIONS




WHAT ARE PERMEATION TUBES

« Small containers made of inert
material

* Filled with a pure compound in
liquid/gas or solid/gas equilibrium

* Inserted into a carrier gas flow with
conftrolled flow rate

* At constant temperature, they
release the gas through a permeable PILUTION FLOY - PERMEADIE MEVBRANE
membrane

* Provide a stable, continuous, and
reproducible emission over time

* Provide a stable, continuous, and
reproducible emission over fime

A safe and traceable alternative to
standard gas cylinders
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"] ELECTRONICS AND MICROCHIPS

[ ] Cleanrooms and Semiconductors - Contaminant Control

In the microelectronics and semiconductor manufacturing sectors,
controlling air purity is essential o ensure the integrity of production

processes.
Permeation tubes enable the generation of highly stable and

traceable reference gas mixtures, used for the calibration and
verification of monitoring systems in cleanrooms.

o Air purity is essential in the production of microchips and wafers
« Controlled generation of HCI, HF, HBr, organic acids to simulate

contaminants
e Calibration and verification of sensors and analyzers in

cleanrooms
 Traceable and reproducible concentrations down to a few ppb

« Used in automated systems for continuous monitoring and
calibration
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] ENVIRONMENT AND AIR QUALITY

[ ] VOC - Volatile Organic Compounds (indoor/outdoor)

Volatile organic compounds (VOCs) include a wide range of
substances with high volatility and reactivity, involved in
photochemical pollution and tropospheric ozone formation.

The controlled generation of reference mixtures using permeation
tubes is essential to ensure accuracy and traceability in air quality
measurements, both indoor and outdoor.

« Controlled generation of pure VOCs or complex mixtures
e Calibration of analyzers and sensors (GC-FID, PTR-MS,
automated systems)

 Stable and reproducible emission over the long term

e Traceable concentrations down to a few ppb

e Used in monitoring networks and environmental
laboratories
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] ENVIRONMENT AND AIR QUALITY

Challenge D EURAMET EMPIR 19ENV06 MetClimVvVOC
European Metrology | |

Programme fornnovation  EURAMET) - ooimi . oo oi 1he European project MetCIImVOC (19ENVO6),
- G o ST T S g ety oo o coordinafed by EURAMET, addressed the lack
s i T O T et s e e of fraceable reference standards for the

e R v s measurement of volatile organic compounds
e A————— (VOCs) in ambient air.

P e | rganicapecies e The objective was the development of primary
S B reference sources and metrological standards
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e e A esors | P e G 2 for selected VOCs — including hydrocarbons,

Soltion E:E:f%%“ﬁmﬁp !erpenes, and halogenc.ﬂ.ed VOCs — ipoorder to

e b ey SO e improve the comparability and reliability of

e ity s .2 E'mﬁ"m;mﬁ;“:w measurements at the European level.

T R —— * Development of new reference sources for
A

£ OG3OS TETEGN RIS B | e s et e e VOCs at atmospheric concentration levels

. '_L:"_" o Tearneiar-Reac on Wz Spectomatny

Providing measurement traceability for ) . . .
: : PO o s e s v o | SO e e sy  Dynamic generation method compliant with
selected volatile organic compounds e ey cones T St st SO 6145-10

Thousands of volatile organic compounds (VOCs) are present in the air. Whilst achons e 1.0 Do for hesaPuors-I-butens to 746 pmald brtien retated tn 3 poliution and cimate change nreriapora OI'Y es |ng anda vaiaarion wi

most are harmless some have direct or indirect negative effects on air quality, e e e e ~ .

climate change and environment. These are monitored by atmospheric EMPI R - E"'F‘-"'-""__E_U NPI" METAS' VSI" Ond OTher NOTIOHO' MeTrO|Ogy

networks, but at the start of 2020 reference gases for calibrating station T Vo o by g LA o 20 | ns'h'l'u'l'es

instruments were missing, meaning measurements lacked measurement For v 20 s P Aoy e iy s e e e e o _e ors oLl ®

uncertainty or robust links to the international system of units (SI). _:-::__r_:'_:_*':_: ot envirenmental mantodng, indsirial ety i ¢ Em|SS|On qublllfy Wlthln *1 % over 18 monihs,
AR AT ———— — =

s Fra e oo ot e e e i | even for reactive organic compounds

sinaarcatiod WO fol lowing the Lt sequinamioni. Thas
Ewropa’s National Measuramentinstitutes working togathar -

T S S S g e | e Supply and validation of permeation tubes

Framework Programme for Rasearch and Innovation. EMPIR funding ts drawn from 28 partidpating EURAMET mambar states to

e o I e Al et i for halogenated and oxygenated VOCs
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ENVIRONMENT AND AIR QUALITY

Odorant Analysis — Tetrahydrothiophene (THT) and
tert-Butylmercaptan (TBM)

In the energy and gas distribution sectors, odorization is a mandatory
safety measure to make potential leaks of natural gas or LPG, normally
odorless, detectable.

The most commonly used odorants are THT (Tetrahydrothiophene) and
TBM (tert- Butylmercaptan), selected for their low olfactory threshold,
chemical stability, and compatibility with gas distribution network
materials.

SH

e Controlled generation of THT and TBM at known and fraceable
concentrations

« Calibration of gas leak detectors and industrial safety sensors
» Periodic verification of odorization systems in methane and LPG networks / %
o Applications in mobile laboratories, distribution plants, and calibration H.C

centers 3

e Odorization regulated by Law No. 1083/1971, UNI 9463, UNI 7133 S CH3
» Stable and reproducible emission over time using permeation tubes

I
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ENVIRONMENT AND AIR QUALITY

Odour Monitoring

Odour monitoring plays a crucial role in air quality control and in the
assessment of the environmental impact of industrial plants, landfills,
and wastewater treatment facilities.

Permeation tubes allow the generation of reference gas mixtures
containing odorous compounds at extremely low concentrations,
ensuring traceable calibrations and reproducible measurements.

» Controlled generation of odorous compounds (acetaldehyde, sulfides, }
mercaptans) |
o Calibration of elecironic noses, olfactometers, and environmental
sensors

 Simulation of real emission conditions in industrial plants ﬁi;i;i‘"i'i? ml
» Applications in environmental monitoring networks, ARPA laboratories, S — T
and waste treatment plants &
e Standards and regulations: EN 13725, UNI 16000, UNI/TS 11537
 Traceable and repeatable concentrations down to a few ppb
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AGRI-FOOD AND LIVESTOCK SECTOR

Measurement of Enteric Emissions in Ruminants

In the agri-food and livestock sector, permeation tubes
are used in the SFg tracer technique, applied for the
accurate measurement of methane emissions from
ruminants.

This methodology allows for the determination of
individual emission rates in a precise and safe way,
contributing to the assessment of environmental
sustainability and the optimization of feed efficiency in

livestock farming.

e Permeation tubes filled with SF¢ in liquid/gas equilibrium
« Stable and controlled emission at constant femperature
(39 °C)

e SF¢ tracer technique for indirect measurement of CH,

emissions
e Continuous sampling using PVC canisters connected to

the animal
» Calibration of collection and dilution systems for emitted

gases
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HEALTHCARE AND BIOMEDICAL SECTOR

VOC Monitoring in Clinical and Hospital Environments

In the biomedical and healthcare sector, permeation tubes are used
for the generation of reference gases to calibrate diagnostic
instruments and environmental monitoring systems.

Their features of stability, reproducibility, and safety make them
suitable for use Iin sensitive environments such as hospitals, analytical
laboratories, and operating rooms, where measurement accuracy is
essential o ensure both data quality and personnel safety.

PERMEABLE MEMBRAME

 Formaldehyde in hospital environments and sterilization laboratories

e Breath analysis (VOC biomarkers: acetone, isoprene, NO, medical O -
VOCs) 1 .
« Ethanol analyzers — calibration of portable and laboratory C

: N

iNnsfruments H H

« Operating room monitoring — anesthetic and volatile compounds
« Controlled generation of tfraceable mixtures for diagnostic
applications

» Stable and reproducible concentrations over fime

LEaUID PHASE
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|| HEALTHCARE AND BIOMEDICAL SECTOR

[_] Breathalyzers — Calibration of Portable and Laboratory
Instruments

In the forensic and healthcare sectors, breathalyzers require regular
calibration 1o ensure the accuracy and legal traceability of ethanol
measurements in exhaled air.

Ethanol permeation tubes enable the dynamic and controlled
generation of reference gas mixtures, providing a stable, safe, and
flexible alternative to traditional pressurized cylinders.

« Conirolled generation of pure ethanol by permeation

» Traceable and adjustable concentrations in mg/L or ppm
 Dynamic calibration of IR or electrochemical breathalyzers and
sensors

» Stable and reproducible emission over tfime

* No pressurized cylinders — improved safety and portability

o Applications in metrological laboratories, law enforcement, and

healthcare facilities
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THANK YOU FOR YOUR KIND ATTENTION!
GIUSEPPE IPSALE
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