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1.) Sample preparation

2.) Static-volumetric method

3.) Dynamic-flow method

4.) Data Reduction

Overview
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 Advantageous: Sample preparation should be conducted under the same 
conditions as the measurement!

Sample prepapration
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 Static-volumetric measurements:

 Sample preparation in the same vacuum system as the measurement

 Rotary vane pump: 10-3 mbar

 Turbo molecular pump: 10-7 mbar
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 Advantageous: Sample preparation should be conducted under the same 
conditions as the measurement!

 Dynamic flow method:

 Sample preparation in the same flow system as measurement

 Inert gas flow (N2 or He)

 Open cell, usually secured by the activation system and exhaust valve

Sample prepapration

Sample

Nitrogen / Helium
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 Protection from elutriation:

 Static volumetric:

 Adjusting evacuation rates

 Step-wise evacuation

 Protection through sinter filter plugs and fittings

 Optional safety through self-sealing filter frits or needle valves on cells

 All 3P Instruments come with a 3-step evacuation routine and double 
sinter filter bulkhead fittings!

Sample preparation
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 Protection from elutriation:

 Static volumetric:

 Adjusting evacuation rates

 Step-wise evacuation

 Protection through sinter filter plugs and fittings

 Optional safety through self-sealing filter frits or needle valves on cells

 Dynamic flow:

 Adjusting flow rates

 Protection through sinter filter plugs and fittings

 Do NOT obstruct cell in- and outlet

 Optional safety through glass wool or other filter media

 If working with hazardous materials, take corresponding precautions!

Sample preparation
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Static-volumetric Method

 General Procedure:

 Step-wise loading (adsorption) and unloading (desorption) of the material 
surface with adsorbate gas

 Steps defined by user as gas doses

 Instrument administers gas dose on sample and observes kinetic data from
pressure transducer und static conditions
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Static-volumetric Method

 General Procedure:

 Step-wise loading (adsorption) and unloading (desorption) of the material 
surface with adsorbate gas

 Steps defined by user as gas doses

 Instrument administers gas dose on sample and observes kinetic data from
pressure transducer und static conditions

 Step 1: Determination of void volume

 For precise dosing, the unknown volume of sample cell and sample needs
to be determined
 Solution 1: Determiantion by expanding a defined amount of He into the cell

(like a pycnometer)

 Solution 2: Using calibrated cells (highly time consuming and inefficient)
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Static volumetric method

 Step 1: Determination of void volume

 For precise dosing, the unknown volume of sample cell and sample needs
to be determined
 Solution 1: Determiantion by expanding a defined amount of He into the cell

(like a pycnometer)

 Solution 2: Using calibrated cells (highly time consuming and inefficient)

Sensor for p and T

Gas In Vacuum
Manifold-Volume
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Static volumetric method

 Step 2: Starting the analysis

 He-removal

 Highly critical under certain
circumstances

 E.g. high-resolution micropore
measurements
 Very low relative pressures and

very small doses

 Small amounts lead to large 
errors

 Leak-test necessary

Sensor für p und T

Gas In Vacuum
Manifold-Volume

Sample cell P0-cell
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Static volumetric method

Sensor für p und T

Gas In Vacuum
Manifold-Volume

Sample cell P0-cell

 Step 2: Starting the analysis

 He-Removal

 P0-determination (p0 is the
pressure at which the analysis
gas condensates at analysis
temperature – ideally 1 bar)

 User entered

 Determination through instrument
sensor

 Determination parallel to analysis
through p0-cell / station
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Static-volumetric method

 Step 3: Analysis

 Step-wise dosing of defined gas 
amounts on the sample

 Monitoring pressure kinetics 
until pre-defined cut-off 
criterium is met

 User-defined („pressure table“)

 Incremental („Vector-Dosing“)

 Control by kinetic data

Sensor for p and T

Gas In Vacuum
Manifold-Volume

Sample cell P0-Cell

P1 = Pressure before dosing
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Static-volumetric method

 Step 3: Analysis

 Step-wise dosing of defined gas 
amounts on the sample

 Monitoring pressure kinetics 
until pre-defined cut-off 
criterium is met

 User-defined („pressure table“)

 Incremental („Vector-Dosing“)

 Control by kinetic data

Sensor for p and T

Gas In Vacuum
Manifold-Volume

Sample cell P0-cell

P2 = Pressure after dosing
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Statisch-volumetrisches Messprinzip

 Step 4: Acquiring a set of raw data (Isotherm)

 Plotting pressure drop vs. Time and adsorbed amount vs. p/p0
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Statisch-volumetrisches Messprinzip

 Step 4: Acquiring a set of raw data (Isotherm)

 Plotting pressure drop vs. Time and adsorbed amount vs. p/p0
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Static volumetric method

 Step 5: Clean-up
 Evacuate sample cell

 Removal of coolant

 Wait, until pressure no longer rises in the cell

 Backfill with inert gas
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Static volumetric method - Instruments

p0 Cell

Turbo pump

Rotary

pump

Helium port Analysis gas Manifold

p0 transducer

Measurement

Cell

Temperated bath

3 Stage evacuation
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Static volumetric method - Instruments

3P MICRO 300 3P MICRO 100 & 200 3P MESO 400
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Static volumetric method - Instruments

3P SYNC 3P MESO 112 & 222
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Dynamic flow method

 No pump system required

 Well suited for lab-space with integrated work-desks

 No danger through implosion or over-pressure situations

 Fast method

 Developed for single-point method

 Through the use of precise Mass-Flow-Controller (MFCs) suitable for multipoint and T-plot

 Determination of adsorbed gas amounts through thermal conductivity detector (TCD)

 State-of-the-art method for chemisorption
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Dynamic flow method

 No pump system

 Measuring through TCD-signal

 Adjusting gas mixture between carrier- and analysis gas by MFCs

 For 1-point BET determination a pre-defined bottled gas mixture can be used

 According ISO 9277 – dynamic volumetric method

Sensor: TCDMFC

Sample cell

Helium

Nitrogen

Gasflow
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Dynamic flow method

 Step 1: Zeroing and calibration signal

 System is purged with inert gas (usually He)

 Under inert conditions a TCD signal is acquired and set as zero

 A pre-defined amount of analysis gas is injected into the the system (usually N2)

 Corresponding TCD-signal is used as calibration peak

Sensor: TCDMFC

Sample cell

Helium

Nitrogen

Gasflow



www. 3P-instruments.com info@3P-instruments.com Dispersionen Poren

Dynamic flow method

 Step 1: Zeroing and calibration signal

 System is purged with inert gas (usually He)

 Under inert conditions a TCD signal is acquired and set as zero

 A pre-defined amount of analysis gas is injected into the the system (usually N2)

 Corresponding TCD-signal is used as calibration peak

Sensor: TCDMFC

Sample cell

Helium

Nitrogen

Gasflow



www. 3P-instruments.com info@3P-instruments.com Dispersionen Poren

Dynamic flow method

Sensor: TCDMFC

Sample cell

Helium

Nitrogen

Gasflow

77K

 Step 2: Analysis

 Carrier gas flow is enriched step-wise with analysis gas

 Once adjusted, sample is cooled
 Direct measurement (Adsorption): Signal is recorded as the sample removes adsorbate from gas 

flow

 Indirect measurement (Desorption): Signal is recorded as the saturated sample is heated
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flow
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Dynamic flow method

 Step 2: Analysis

 Carrier gas flow is enriched step-wise with analysis gas

 Once adjusted, sample is cooled
 Direct measurement (Adsorption): Signal is recorded as the sample removes adsorbate from gas 

flow

 Indirect measurement (Desorption): Signal is recorded as the saturated sample is heated

77K

Sensor: TCDMFC

Messzelle

Helium

Stickstoff

Gasfluss
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Dynamic flow method

 Step 2: Analysis

 Data points obtained through step-wise increase of analysis gas concentration

 No clean-up required; Sample and cell always under ambient pressure



www. 3P-instruments.com info@3P-instruments.com Dispersionen Poren

Data reduction according to BET

 Multi-point method:

 Linear regression through measured points

 Determination of y-intercept and slope of regression line

 Substitute into BET-equation
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v = adsorbed amount (in cm³)

vm = adsorbed amount in monolayer

c = BET-constant

p = Equilibration pressure

p0 = Saturation pressure
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E1 = Adsorption-Enthalpy

Monolayer

EL = Adsorption-Entalpy

Multilayer (liquid phase)

Data reduction according to BET

 Multi-point method:

 Linear regression through measured points

 Determination of y-intercept and slope of regression line

 Substitute into BET-equation
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A = slope of the regression line

I = y-intercept of the regression

line

Data reduction according to BET

 Multi-point method:

 Linear regression through measured points

 Determination of y-intercept and slope of regression line

 Substitute into BET-equation
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 Multi-point method:

 Linear regression through measured points

 Determination of y-intercept and slope of regression line

 Substitute into BET-equation

 Observation of quality criteria (c-value and correlation coefficient r of the regression line)

 Obtained value: Specific surface area in m²/g determined from vm and sample mass

1
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Data reduction according to BET
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 Quality criteria – Mutli-point method :

 C-constante
 MUST be positive (negative C-constant means, that points are not in the BET-region)

 Linear Fit
 As close to 1.0 as possible

 Above 0,9975 (gemäß DIN)

 Adjusting analysis points

 If quality criteria are bad, quality might be increased by removing outer points from
calculation

 If data quality cannot be increased, measurement needs to be repeated with a different 
pressure range

Data reduction according to BET
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Data reduction according to BET

 Limits of the BET-Theory:

 Was developed for the model system N2 on active carbons at 77 K

 Applied to almost any material nowadays

 Problems with microporous systems
 See ISO 9277 – Annex C – Surface Area of microporous materials

 Nitrogen molecule can take different orientations on surfaces

 Thus Nitrogen can take a variable amount of space occupied on the surface

 Application of the Rouqerol-Plot (Software implemented Tool)

 Measuring microporous materials with Ar at 87 K

 87 K can be obtained through different strategies



www. 3P-instruments.com info@3P-instruments.com Dispersionen Poren

Schluss!

Thank you for your attention
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Backup: Größe von Gasmolekülen

 Partikelwelt 19 – Seiten 26 bis 29

 Messgas gemessene Oberfläche (BET)

 Stickstoff bei 77 K: 0,162 nm² 5,42 m²/g

 Krypton bei 77 K: 0,202 nm² 5,01 m²/g

 Argon bei 77 K als Flüssigkeit: 0,166 nm² 5,22 m²/g

 Argon bei 77 K als Feststoff: 0,180 nm² 5,24 m²/g
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3P INSTRUMENTS GMBH & CO. KG

Charakterisierung von Partikeln, Pulvern und 
porösen Stoffe
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