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FOAMSCAN™ Key features and benefits

Science-based foam analysis Modular and evolutive design Automatic cleaning

- Unigue combination of optical imaging A flexible platform that adapts to a wide - Eliminates the need to remove the
and electrical conductance. range of foam types and applications: measuring tube for manual cleaning

- Simultaneous measurement of foam - Foam produced in the FOAMSCAN™ by - Three dedicated solvent inlets
volume, liquid volume, liquid fraction gas sparging or by mechanical stirring - Cleaning sequences can be fine-
& foam structure in one experiment - Foam produced externally and sampled tuned to match the surfactant

- Temperature control up to 90°C by pouring, coring or filling
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100% software-controlled Foam structure analysis with BubbleStatistics™ Software
- Reproducibility and reliable comparison - Automatic image thresholding for reliable segmentation
- Best foam detection with sensitivity adjustment - Time-resolved bubble statistics
- Real-time calculation and display - Liquid fraction derived from image analysis
- Advanced visualization, comparison, and export features - One-click export features
AY
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FOAMSCAN™ The Solution for scientific foam analysis

Liquid foams offer significant advantages across many industries. They are
lightweight, easy to handle, and enable a reduction in raw material
consumption for a given final product volume. Their expansion properties
make them particularly attractive in both product formulation and industrial

processes.
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Cleaning . .

Surface treatment . . .

Construction materials .

Fight against pollution . ] . ] .

Firefighting . .

Natural resource extraction . . .

Cosmetics . .

Food . . .

Despite their widespread use, the characterization of liquid foams remains
challenging. In many laboratories, foam analysis still relies on homemade or
poorly reproducible methods. However, generating a foam under well-
controlled conditions (defined geometry, liquid fraction, and structure) and
understanding the mechanisms responsible for foam destabilization are
essential for optimizing formulations and processes.

FOAMSCAN™ provides a science-based solution for quantitative foam analysis.
It enables the controlled generation, measurement, and comparison of
foams, allowing researchers and industrial users to optimize both foam-
forming and foam-preventing systems with reliable, reproducible data.

Thanks to its modular and evolutive design, FOAMSCAN™ covers a wide range
of foam generation methods and applications.

AY

FOAMSCAN™ Foam Analyzer

— Foam produced by sparging a
é)é gas through a Porous glass filter

oON

o Foam produced by Mechanical

(---J stirring

'ooqo Foam produced by an external
| OQ 5 | device

Foams can be produced by gas sparging or mechanical stirring under precisely
controlled conditions; or generated externally and analyzed afterward. This
flexibility = ensures  process-relevant  measurements and  excellent
reproducibility.

Foam volume measurement is essential, but it is not sufficient to fully describe
foam behavior. Numerous studies have demonstrated that liquid fraction and
bubble size distribution are key parameters governing foam stability, drainage,
coarsening, and collapse.

FOAMSCAN™ combines image analysis and electrical conductance
measurements to deliver a comprehensive set of foam properties. In a single
experiment, it provides reliable data on Foaming capacity and foamability,
Foam density, Foam stability and half-life, Liquid drainage kinetics, Antifoam
and defoamer efficiency.

Liquid foams Liquid foams are encountered in a broad range of applications:

* Food: beers, chocolate mousse, ice cream, meringue...

* Cosmetics and detergency: soap, shaving foam, toothpaste...

* Civil engineering : insulation properties of construction materials, cement...
* Industrial processes: froth flotation

* Anti-foam and defoamer effectiveness [1]

* 0il & Gas: Enhanced Qil Recovery, foam flooding [2]
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FOAMSCAN™ A smart modular and evolutive design

FOAMSCAN™ features a modular design that integrates multiple foam FOAMSCAN™ Foam Analyzer
generation and sampling methods within a single instrument: TN RS T S A |

* Gas sparging @ : foam generated by injecting gas through a porous glass @
frit at a controlled flow rate.

* Mechanical stirring @ : foam generated by controlled agitation of the

liquid at a controlled speed. . e mile—--l---_»

* External foam analysis: foam produced outside the instrument and sampled — | Foamscan

by pouring @ or by coring/filling @ ' ‘
All experimental parameters are 100% software-controlled @ ensuring
excellent reproducibility.

During the experiment, the foam rises inside a cylindrical borosilicate glass
measuring tube@. Foam volume is calculated in real time using image
analysis@, while liquid volume and liquid fraction are determined by

©

Fluids connections

conductance measurements.

Once foam production stops, or when an externally generated foam is - 4_°°° YO 0
sampled, foam stability properties are measured until the end of the —
experiment. Foam half-life is automatically calculated. ‘

The prism video camera captures images of the foam structure during the
experiment. Bubble size and distribution are analyzed post-measurement using

the BubbleStatistics™ software. ?_’ N

. - . : . R
Temperature inside the liquid sample is monitored using a Pt100 sensor. When . st F led F led
P Auiel samp & @ omwwars (Qfeeties (3) Fromd(g) [
a double-walled glass tube is used, the sample can be temperature-controlled
up to 90 °Cvia an external heating circulator(9).

1. Base to produce foam by gas sparging 7. Tube CCD video camera
An automated c|eaning sequence S|mp||f|es maintenance by rinsing and 2. Base to produce foam by mechanical stirring 8. Prism CCD Video camera
draining the measuring tube without manual intervention. The pump injects 3. Foam produced externally, sampled by pouring 9. Fluids connections
water /solvents through a nozzle into the glass tube @ to clean it. The built-in 4. foam produced externally, sampled by coring 10. Pumps
waste pump (10) drains the liquid from the glass tube to empty it. 5. Mass Flow Controller 11. Automatic cleaning cap
6. Standard Cylindrical Glass measuring tube 12. Cover
FOAMSCAN™ is supplied in a protective cover @ to’shield measurements 13. Electronic command & software

from ambient light and dust. LY
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FOAMSCAN™ A versatile design to cover the largest range of applications

FOAMSCAN™ adapts to a wide range of experimental configurations:

Foams can be produced in the FOAMSCAN™. These configurations enable the
characterization of foams under precisely controlled conditions.

1. Foam Generation by Gas Sparging

Foam is generated by injecting gas into the liquid through a porous glass frit at
a controlled flow rate. Two glass tube sizes are available, allowing optimal
liquid volumes of 30—60 mL or 10—20 mL.

The sparging base is made of PEEK and is compatible with air, nitrogen,
oxygen, CO,, argon, helium, methane, propane. Gas flow rates range from 20
to 500 ml/min, with automatic correction of flow accuracy based on gas
properties.

2. Foam Generation by Mechanical Stirring

Foam is generated by mechanical agitation using a motorized stirring chamber.
The stirring base is available in anodized aluminum or PEEK and has an internal
volume of 242 mL. A three-blade turbine generates foam at fully software-
controlled speeds ranging from 500 to 6000 rpm, depending on sample
viscosity. The stirring chamber can be temperature-controlled up to 90 °C.

The recommended sample liquid volume is 120-150 mL.

Foams produced externally, using shakers, frothers, beverage containers, or
industrial processes, can be analyzed by :

3. Pouring into the measuring tube

The glass measuring tube is fitted with a Right-Angle prism. The holding base is
easily fitted on the FOAMSCAN™ unit and ensure perfect tube alignment with
the video camera.

A set of electrodes and Temperature probe is plunged inside the liquid to
measure liquid conductance and temperature during measurement.

The optimum liquid volume poured is 120-180 mL.

AY

4, Coring or filling, suitable for firm foams such as whipped cream or egg-
white foam...

The glass measuring tube is fitted with a right-angle prism. The tube is open at
both ends allowing firm foam to be sampled by coring. The holding base is
fitted with vertical electrodes and a temperature probe to measure liquid
conductance and temperature during measurement. The base is connected to
the FOAMSCAN™ pump to waste the tube automatically.

When the Foam is generated by an external device, measurement can be
made at room temperature only.

These configurations enable the characterization of finished products and real
industrial foams.

FOAMSCAN™ Foam Analyzer
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FOAMSCAN™ A combination of image analysis and conductance measurement

FOAMSCAN™ cylindrical glass measuring tubes (Figl) and equipment for foam
produced externally (Fig2) are designed to simultaneously capture foam
height, foam structure, liquid conductance, and temperature:

* Borosilicate glass tube for accurate foam height detection.

* Vertical electrodes (EV) o to measure liquid conductance and liquid
volume.

* Multiple electrode pairs positioned at different heights @(El, E2, E3, E4)
to measure foam conductance and foam liquid fraction.

* Right-angle prisms for high-contrast foam structure imaging 9

* Pt100 temperature sensor ﬂ with temperature-corrected conductance
measurement.

The FOAMSCAN™ double-walled cylindrical glass measuring tube, equipped
with electrodes and prisms, is available in two sizes :

* Standard (@ 35 mm): suitable for most applications, with a recommended
sample volume of 30-60 mL.

Figl- Cylindrical glass measuring Fig2 - Equipment for foam produced
e Small (@ 21 mm): designed for precious or highly concentrated systems, tube for foam produced by gas externally and sampled by pouring /
with a sample volume of 10-20 mL. sparging/ stirring coring

1. Liquid volume and liquid fraction calculated by Conductance measurement

The straight electrodes EV o measure the conductance of the liquid. The
relationship between the Liquid conductance and the Liquid volume is done
before measurement. Therefore, the software calculates the liquid volume
(mL) in the foam (a), at any time point of the measurement. The volume of
liquid is key to measure the drainage rate involved in the foam stability.

//// i
/

inthe foam _ y;att0 _ ysatt
Vliq - Vliq Vliq

Liquid Volume (mL)
Liquid Fraction (%)

The pairs of round electrodes E1, E2, E3, E4 measure the Foam conductance to
calculate the Foam Liquid fraction (%), at 4 heights of the foam (b).

Time (s) g

»

Time (s)
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FOAMSCAN™ an effective combination of image analysis and conductance measurement

2. Foam detection by Image analysis

The foam height is measured by image analysis. The Foam height is detected
by comparing pixels intensity value, pixels line by pixels line:

. The average pixels intensity value, as white reference (WR) calculated
before measurement starts, when the tube is empty.

. And the Actual average pixels intensity value (AVP) calculated at any time
point of the measurement .

. D .
Then, the Foam volume (mL) = Foam height x 7'[(4;-)2 is calculated and
considers the foam volume measured by conductance.
The foam detection is made within the largest region of analysis of the
measuring tube. The Foam detection sensitivity, can be adjusted to improve

Foam detection in case of dry foams, Liquid painting the tube walls, big
collapses creating gaps in the foam.
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FOAMSCAN™ Foam detection by Image analysis with
tube CCD video camera (@ page 4)

AY

3. Foam Structure Imaging

During the experiment, a dedicated CCD camera captures foam structure
images through a right-angle prism using total internal reflection. Gas
bubbles appear white, while the liquid phase appears black, producing high-
contrast 2D images.

These images are analyzed using BubbleStatistics™ software, providing
guantitative information on:

* Bubble size and size distribution

* Bubble count

* Local liquid fraction

* Polydispersity

Foam structure analysis is essential to study liquid drainage, ripening, and
coalescence over time.

\O.
o R
SN

Prism CCD video camera

Telecentric lens

Bubble Liquid /Plateau border Total reflection
(appears white) (appears black)

FOAMSCAN™ Foam structure Image capture with prism CCD
video camera ( page 4)
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FOAMSCAN™ 100% Software-controlled

All experimental parameters: foaming protocol, duration, gas flow rate or
stirring speed, acquisition frequency, and data processing, are fully software-
controlled.

Three foaming protocols are available :

1. Foam generation for a fixed time : Suitable for studying stable foaming
solutions with high gas capture rates. This protocol is the best to
compare foams that have similar lifetimes.

2. Foam generation until a target foam volume is reached : particularly
suitable for low-foaming foams, this protocol is the best to measure
antifoams effectiveness.

3. Analysis of externally generated foams sampled by pouring or coring:
Suitable for the characterization of finished products and real industrial
foams.

During measurements, the FOAMSCAN™ software provides a real-time

display of:

* Images of the tube @ and foam structure images @

* Aclear summary of the selected experimental protocol @

* Real-time calculation and display of foam volume @, liquid volume, and
foam liquid fraction @

FOAMSCAN™ measurementA 5

FOAMSCAN™ software provide with an accurate set of results:

Foaming Stability and aging
Properties ” o - . c §
Z1 22| 8| gl 288
3 & % © R lwE| @ |2
« z 2 o c |zc| 8 |E€06
€ £ c |88 @ <&
© £ = & 2188 = =
el 8| 8| | ° ] ©
Measurement results fing = ©
Foam volume (mL) . . .
Liquid Volume (mL) . . ° ° °
Liquid Fraction (%) . . °
Foam capacity °
Volume of gas injected .
Foam expansion .
Foam density . . .
Bikerman Index (sec.) °
Foam volume half-lifetime (sec) ° °
Liquid volume half-lifetime (sec) . °
Number of bubbles (nb) . . ° .
Size of bubbles (mm) . °
Polydispersity ° ° °

Both tube images and prism images can be saved, allowing users to replay the
full foam evolution and export individual images for further analysis.

The FOAMSCAN™ software includes a built-in comparison tool that enables
multiple measurement files to be opened simultaneously and results to be
compared directly, without the need for external data processing.

All results can be easily exported to Excel files for reporting and further
analysis.
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FOAMSCAN™ Foam structure analysis

The FOAMSCAN™ FSA (Foam Structure Analysis) module consists of:

*  An adjustable opto-mechanical mount equipped with a prism CCD video
camera (, page 4) for high-contrast imaging of the foam structure.
*  The BubbleStatistics™ software for quantitative foam structure analysis.

Depending on the application, bubble size (mm) and liquid fraction (%) can
span a wide range of values. FOAMSCAN™ captures foam structure images
over a bubble diameter range from 25 um to 10 mm.

10 FOAMSCAN™ area of FSA

e e e e e e

METAL FOAMS
10

OIL RECOVERY

Bubble size (mm)

e —

FOAM
e

103
+ + t

0.1 o ) 10 100
Liquid Fraction (%)

1. Foam structure imaging

During the experiment, foam structure images are acquired @ by the prism
CCD video camera focused on the right-angle prism integrated along the glass
measuring tube. Foam structure analysis is performed post-measurement
using the BubbleStatistics™ software.

2. Foam structure analysis

Once the images captured by FOAMSCAN™ are imported into
BubbleStatistics™ @), they are automatically binarized and the corresponding
statistical parameters are calculated.

(3

FOAMSCAN™ software

i i
1 1 \,
L ~

BubbleStatistics™ software

Binarization is a fundamental image segmentation technique that converts a
grayscale image into a binary (black-and-white) image by applying a gray-level
threshold. Accurate binarization is critical, as it directly impacts the reliability
of quantitative image analysis.

grey pixel value [0; 255]

HEENEn= []

0 58 75 96 196 201 230 255

Grey value pixels above or
below the threshold will be
classified to white or black

: The foam bubbles will appear
Raw image in white and the liquid in black

Binarized image

BubbleStatistics™ software automatically applies a global thresholding method
based on the Otsu algorithm, which is well suited for binarizing most of foam
images acquired with FOAMSCAN™. When required, manual threshold
adjustment remains available.

In global thresholding, a single threshold value is applied to the entire image.
Local thresholding evaluates smaller image regions independently, improving
segmentation under non-uniform or complex intensity distributions.

3/ Y www.teclis-scientific.com 9
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FOAMSCAN™ Foam structure analysis with BubbleStatistics™ software

Once the images are uploaded, BubbleStatistics™ automatically calculates and
displays the results in both graphical and tabular formats. Data analysis can be
further refined using classification and analysis filters.

Local foam liquid fraction can also be determined by image analysis, which is
particularly valuable for systems exhibiting low or negligible electrical

conductance.

"
) I

Summary.

mean), mean Radius,
Perimeter, Area, Elliptical ratio,
Eccentricity, Circularity

/
58 9ma 0 1MeT 1501 178 1m9s
Dismeter megffpm)

Statistics calculated for each
bubble: diameter (min, max,

Statistics calculated over time:
Bubble count, Density, Sauter
Diameter, Bubble area, liquid
area, Polydispersity index,
Liguid fraction

AY

Stability properties analysis over time:

Bubble Count

e i 145 2 s o

A significant increase or decrease
in the number of bubbles indicates
instability, while a stable number of
bubbles suggests a more stable
foam.

Bubble Size

o a8 [ED n =

Regular decrease in bubble size
indicates good foam stability,
whereas increase in bubble size
indicates coalescence. Constant
bubble size suggests long-term
stable foam.

Polydiperaity

Polydispersity

Liquid Fraction

An increase in PDI indicates
coalescence, whereas a low and
stable PDI over time suggests
coarsening which helps to stability.

The evolution of the liquid fraction
over time indicates the drainage
rate

All Images and data can be exported in One click.

3/ , www.teclis-scientific.com
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ABOUT LIQUID FOAMS

The issue of foamability and foam stability are crucial for many industrial It has been demonstrated that the structure of a liquid foam [4] is governed
applications, from beer industry to health care products such as shampoos by the following parameters:

and foam flotation processes for mineral separation. Number of foam tests * liquid fraction,

are used in the industry to characterize foam properties. However, accurate * Polydispersity,

measurement of foam properties represents a challenge. * and order/disorder.

A liquid foam consists in a suspension of gas bubbles in a liquid continuous If these parameters are known, the structure of a liquid foam and the
phase. Its appearance can vary considerably from one system to another. number of neighbors per bubble can be predicted.

POLYDISPERSE MONODISPERSE MONODISPERSE
DISORDERED DISORDERED ORDERED

r AL

DRY FOAM

@< 0.05

N = 14 (8CC)

s f
Z
o
>0.15
E @
oc
e
= i WET FOAM
<4 . LMIT
= - # !
\.mg - JAMMING
R TRANSITION
o< 0.36 @ = 0.26
N=6 N = 12 (FCC)

Foams with different structures (pictures taken by A. van der Net)

i
ﬁ BUBBLY LIGUID

A liquid foam can be:
*  Monodisperse: composed of bubbles of the same size
* Polydisperse: Composed of bubbles of different sizes POLYDISPERSITY
* Dry: containing a small amount of liquid (angular aspect)
*  Wet: with rounded bubbles

ORDER

Representation of different foam structures as a function of the following key
parameters: liquid fraction ¢, polydispersity and order/disorder [1]
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ABOUT LIQUID FOAMS

Liguid foams are transient systems. After the generation step, their
geometrical structure and liquid volume fraction evolve with time. Moreover,
different aging mechanisms lead to the destabilization of the foam and
ultimately to its destruction.

Different methods can be used to generate a liquid foam [5]
* Gas injection in a liquid through a porous media

* Mechanical stirring

* Liquid recirculation

* Chemical and biological reactions (Polyurethane, yeasts)
* Depressurization (fizzy drinks)

In all these processes, an energy input is required but not sufficient to
generate foams. Surfactants play a key role on the foamability of a solution.

Life and death of liquid foams
Different aging mechanisms lead to foam destabilization [6]:

* Drainage: After the generation of a liquid foam, the macroscopic motion
of bubbles stops, and the liquid starts draining due to gravity which
induces variations in the liquid volume fraction [7]

+ Ostwald ripening :Since Laplace pressure is proportional to /g with R
being the radius of the bubble, the gas contained in the smaller bubbles
will migrate to the larger ones where the pressure is smaller, which
induces variations in the number and size of bubbles

* Coalescence: The coalescence corresponds to the rupture of a liquid film
separating two bubbles. Coalescence can be due to local rearrangements
of bubbles, which induces variations in the number of bubbles

Anti-foaming agents and defoamers

A liquid foam can be an industrial byproduct or have a temporary utility
which requires to get rid of it at the end of the process. In this context, a few
methods have been developed to avoid the generation of a foam (anti-
foaming agent) or to destruct an already existing foam (defoamer).

A ) |
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FOAMSCAN™ specifications

Technical specifications General specification

Foaming system by gas sparging Instrument dimensions

Gas flow rate 20-500 mL/min (other flowmeter from 100 to 5000 mL/min on demand) Size (L/W/H) with cover 85/57/78 cm
Approved gases Air, Nitrogen, 0? CO,, Argon, Butane, Freon, Helium, Methane, Propane Weight 40 kg

Max Pressure in 1-2 bar from central compressed gas supply or gas cylinders Power supply

Sparging Base material Peek Voltage 95Vto240V
Atmospheric pressure sensor 800 mbar to 1100 mbar Frequency 50 Hz to 60 Hz
O-rings FKM (220°C - No organic solvents) Intensity SA

Environnement
Operating temperature
Operating Pressure

Foaming system by stirring
Stirring system

Stirring speed

Stirring Base material

10°Cto40°C
Atmospheric

3-blade stainless steel motorized turbine
500 rpm to 6000 rpm
Anodised aluminium / Peek

O-rings FKM (220°C - No organic solvents) Measurement specifications
Optical system FOAMSCAN FSA Module
Camera DMK 37AUX273 DMK 37AUX273 Foam by sparging by stirring by pouring by coring
Interface USB3 type C USB3 type C Liquid sample Aqueous Aqueous Aqueous Aqueous
Resolution 1440x1080 px 1440x1080 px Maximum Viscosity 1000 mPa.s 1000 mPa.s 1000 mPa.s 1000 mPa.s
Frame rate at full resolution 238 fps 238 fps pH range 2to11 2to 11 2to11 2to11
Lens 2.9/8.2 mm focal length Partially Telecentric 55 mm focal length Optimum initial volume 10-20 mL 120-150 mL 140-180 mL 70 mL
Focus Manual Manual 30-60 mL 100 mL
Light source LED 135Im to 180 Im LED 135 Im to 180 Im Measurement Protocol
Foam detection ROI largest ROI : 740x60 Px bubble size : 25 um to 10mm Protocol P1: foaming time v 4 x x
Temperature Protocol P2: foam volume target v v x x
Material PT100 Protocol P3:external foam x x v 4
Range 4t090°C Data measured
Accuracy +0.1°C Foam height by image analysis 4 v v 4
T° Measurement Inside liquid Liquid volume by conductance v v v v
Measuring tube Standard Small Large Pouring Coring Liquid fraction by conductance 4 v v v
Height 300 mm 300 mm 250 mm 150 mm 75 mm Temperature v v v v
Internal diameter @35mm @21 mm @60 mm @70 mm @35mm Gas Flow rate 4 x x x
Internal Volume 285 mL 88 mL 690 mL 530 mL 70 mL Stirring speed x v x x
Temperature control* Upto90°C Upto90°C Room T° Room T° Room T° Data calculated
Material Optical borosilicate glass , peek, Stainless Steel, anodized aluminium Foam volume (mL) 4 v v v
Chemical compatibility Do not use organic solvents such as methanol, hexane, heptane, toluene,  Liquid Volume (mL) v v v v
benzene, xylene, acetone, methyl ethyl ketone (MEK), ethyl/butyl Liquid Fraction (%) v 4 v 4
acetate, chloroform, trichloroethylene, tetrahydrofuran (THF) Foam density v v v v
Electrodes Foam capacity v x x x
Material Stainless steel 316L Volume of gas injected v x x x
Conductance Range 0,1us to 100 000us Bikerman Index (sec.) v x x x
Right Angle Prisms Foam expansion v 4 v v
Material Uncoated, N-BK7 Right Angle Prism Foam volume half-life time (sec) 4 v v v
Size 20x20mm  20x20 mm  25x25mm  40x40mm  25x25 mm Liquid volume half-life time (sec) v 4 v v
Automatic cleaning Bubble count 4 v v 4
Pumps Flow rate 1.6 to 2 L/mn Bubble size v v v v
Solvents 3 liquid inlets : Water - Liquid 1 - Liquid 2 Bubble area 4 4 v v
Computer Polydispersity index 4 v v v
0S Compatibility Windows 10-11 PRO Liquid Fraction (%) by image analysis v 4 v v
Specifications required Intel Core i5 or AMD Ryzen 5 /RAM 8-16 Go / Hard Drive SSD 1T Glass Frits
USB port 5 at least ( Size @40mm - Thickness 3.5mm
Monitor 24' recommended Porosity PO- Pore size 180-250um P3 - Pore size 16-40pm

Export Format

* Heating circulator not supplied and sold in option

Xls / .txt/ .bmp / .jpg

AY
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P1 - Pore size 100-160um
P2 - Pore size 40-100pum

P4 - Pore size 10-16um
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