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6.4. Leakage
The flow rate can considerably be
affected by leakage in the system,
often this happens in the
connecting points. Leakage can
also occur in case of delamination
of the chip, or when cracks appear
due to overpressure or destructive
modification of the chip material
(due to over-heat for example).

Silverio V, Metaxiotou Z, Batista E, Kartmann S, Ogheard F, Lötters J (2022). MFMET A1.1.2 
- Definitions Symbols and Vocabulary of Flow Control. 
https://doi.org/10.5281/zenodo.7092031

https://doi.org/10.5281/zenodo.7092031


Fluid and Flow in microfluidic 
devices

Henne van Heeren (2015) Results survey on microfluidics flow control, enablingMNT

https://mfmet.eu/wp-content/uploads/2022/02/2015-Microfluidics-Flow-Control-results-from-survey-enablingMNT.pdf


Fluid and Flow in microfluidic devices

Henne van Heeren (2015) Results survey on microfluidics flow control, enablingMNT

https://mfmet.eu/wp-content/uploads/2022/02/2015-Microfluidics-Flow-Control-results-from-survey-enablingMNT.pdf


Application classes

Silverio et al (2022) Overcoming Technological Barriers in Microfluidics: Leakage Testing. 
Frontiers in Bioengineering and Biotechnology, 10: 958582 DOI: 10.3389/fbioe.2022.958582



Flow classes (ongoing discussion)

F1 ‘nano’ flow traceability: 
optical methods

F2 ‘micro’ flow traceability: 
gravimetric methods

F3 ‘milli’ flow traceability: 
gravimetric methods



Fluid and Flow in microfluidic devices

Henne van Heeren (2015) Results survey on microfluidics flow control, enablingMNT

https://mfmet.eu/wp-content/uploads/2022/02/2015-Microfluidics-Flow-Control-results-from-survey-enablingMNT.pdf


Malfunctioning risk analysis / FMEA for microfluidic devices

FMEA: Failure Mode 
and Effect Analysis

van Heeren H, Davies M, Keiser A, Lagrauw
R, Reyes D R, Silverio V, Verplanck N (2022) 
Protocols for leakage testing 
https://doi.org/10.5281/zenodo.6602162

Severity, probability and
detection → represented by
number 1 to 10. The product of
these numbers indicates the
risk priority

The identified actions 
may require further 
analysis or corrective 
and preventative 
actions especially if the 
risks are found to be 
unacceptable. 

https://doi.org/10.5281/zenodo.6602162


van Heeren H, Davies M, Keiser A, Lagrauw
R, Reyes D R, Silverio V, Verplanck N (2022) 
Protocols for leakage testing 
https://doi.org/10.5281/zenodo.6602162

Malfunctioning risk analysis / FMEA for microfluidic devices

https://doi.org/10.5281/zenodo.6602162


How to detect leakage ?

10



Leakage testing – detection limits

Silverio V, Guha S, Keiser A, Natu R, Reyes D R, van Heeren H, Verplanck N, Herbertson L H (2022) Overcoming Technological Barriers in Microfluidics: Leakage Testing. 
Frontiers in Bioengineering and Biotechnology, 10: 958582 DOI: 10.3389/fbioe.2022.958582



Leakage testing – detection limits

leak detection and leak tightness testing methods under vacuum

Silverio V, Guha S, Keiser A, Natu R, Reyes D R, van Heeren H, Verplanck N, Herbertson L H (2022) Overcoming Technological Barriers in Microfluidics: Leakage Testing. 
Frontiers in Bioengineering and Biotechnology, 10: 958582 DOI: 10.3389/fbioe.2022.958582



Leakage testing



Ogheard F, Daugbjerg T S, Romieu K, 
Silverio V  (2023) 

MFMET A1.2.3 - Documented 
example of the test protocol for 

leakage and burst pressure
https://doi.org/10.5281/zenodo.10114802 

Daugbjerg T S, Ogheard F, Batista E, van 
Heeren H, Silverio V (2023) 

MFMET Deliverable 1 -
Guidelines and a test protocol 

for flow control evaluating 
leakage and burst pressure in 

microfluidic devices 
https://doi.org/10.5281/zenodo.7901265 



Leakage testing

https://mfmet.eu/publications

• Deliverable 1 – Guidelines and a test protocol for flow control evaluating leakage and burst pressure in microfluidic devices
• A1.2.3 Documented example of the test protocol for leakage and burst pressure
• The MFA & MFMET – Protocols for leakage testing
• Overcoming Technological Barriers in Microfluidics: Leakage Testing. Front. Bioeng. Biotechnol. 10: 958582 DOI: 10.3389/fbioe.2022.958582



Leakage testing

Fluidic 157 
Luer male to threaded Upchurch adapter   
Threaded female-female Upchurch elbow

• Material: Topas (Topas is a COC – cyclic olefin copolymer – resin)

• 8 parallel channels of 100 µm width, 100 µm depth, 18 mm length

• 75.5 mm by 25.5 mm microscope slide format

• Luer fluidic interface





I. Visual inspection test

II. Pressure decay test

III. Flow rate measurement test

Leakage testing – test protocol

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 20 kPa
4. Record images, pin, Tamb, pamb, humidity 

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 1400 mbar
4. Fix the pressure at a given setpoint by the pressure controller for 3 min
5. Record pin, Tamb, pamb, humidity 

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 1400 mbar
4. Record ṁ, pin, Tamb, pamb, humidity 

Leak appearing at the device under test 
Inlet during the visual leakage test 

Set pressure: 7 kPa
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Variability and subsequent decay in pressure indicate leakage



I. Visual inspection test

II. Pressure decay test

III. Flow rate measurement test

Leakage testing – test protocol

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 20 kPa
4. Record images, pin, Tamb, pamb, humidity 

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 140 kPa
4. Fix the pressure at a given setpoint by the pressure controller for 3 min
5. Record pin, Tamb, pamb, humidity 

1. Power ON
2. 30 min stabilization time
3. Set pressure to increase by steps from 0 to 140 kPa
4. Record ṁ, pin, Tamb, pamb, humidity 
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Step in flow rate indicates leakage



Visual 
inspection 

test

Localizes the 
leakage

Easy to 
interpret

Slow

Pressure 
decay test

Cannot localize 
the leakage

Hard to 
interpret

Fast

Flow rate 
measurement 

test

Cannot localize 
the leakage

Easy to 
interpret

Fast

• Liquid-based testing → destructive testing
• Inappropriate –> contamination, sterilisation, or single-use devices



All instruments calibrated

on their full range, and by

traceability to national

standard at CETIAT

laboratory or by ISO

17025 accredited

laboratories



GLASS

45 mm

15 mm

Transfer standards for leakage



Control channel

Leakage channel(s)

Secondary channel

Primary channel

GLASS

Inlets Outlets

Transfer standards for leakage



GLASS

Transfer standards for leakage



PLASTIC

Transfer standards for leakage



Waiting for results



EU infrastructure



The knowledge gained from this project 

Is being transferred to 

ISO TC 48/WG 3 
and applied in the revision and development 

of new standards



Timeline for working items ISO/TC 48/WG 3

Year 1 2 3 4

TS or IWA: Leakage – detection
and measurement

From MFMET project
From surveys

TS or IWA: Wettability
measurement

ISO: Qualification of a microfluidic device
(Accuracy/liability)

ISO: Quality control and characterization

ISO: Sensor integration

Connector reliability, bonding strenght, dead volume, total volume, coating
quality, optical transmission

flow rate, flow resistivity, dead volume, liquid properties, 
wettability

ISO: Requirements for assemblage of a microfluidic system or platform



Project Team



THANK YOU
Vania Silverio

vania.silverio@tecnico.ulisboa.pt

https://www.linkedin.com/in/vaniasilverio

https://mfmet.eu
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