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Thermo Fisher Microstructure Porous Materials Characterization

� Study of solid materials physical properties in ter ms of :
• Porosity (pore size - pore volume distribution, total pore 

volume, etc.)
• Solids material surface in contact with the environ ment 

(external and internal specific surface area )
• Density (bulk, apparent and real density)

� Study of powder materials
• Particle size distribution
• Density
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• Density
� Activated solid materials (catalysts)

• Physical properties (porosity, surface area, densit y, etc.)
• Activated surfaces properties (active site concentration and 

active surface area, selective gas/solid or vapor/s olid chemical 
reactions, active metal dispersion on supported cat alysts, 
activation energies, acid/base sites concentration,  etc)



Thermo Fisher Scientific Microstructure Product Line

Hg is forced into pores by a controlled pressurization. 
Penetration pressure is inversely proportional to pore size

Helium is first loaded in a calibrated reference volume 
then expanded in a chamber filled with the sample

Pascal Series
Mercury

Porosimeters

Pycnomatic ATC
Density test by helium 

displacement
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Physical adsorption: an inert gas at very low temperature 
is adsorbed on the surface of any porous material 
independently on sample nature

Chemical adsorption: a reactive gas is selectively 
chemisorbed / desorbed on the active sites located on 
the surface of a catalyst

Gas porosimetry 
by 

physisorption

Chemisorption
& TPD/R/O



Mercury Intrusion Porosimetry (MIP)

Mercury is forced into the cavities of the 
porous material by the application of 
a controlled increasing pressure. The 
amount of mercury intruded in the 
void cavities of a solid body 
represents the internal pore volume 
(porosity). The penetration pressure 
at which the intrusion phenomenon 
occurs, allows to calculate the pore 
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occurs, allows to calculate the pore 
dimensions.

Competences: high pressure 
generation (400MPa), safety related 
to high pressure and use of mercury, 
precise pressure measurement, 
dedicated data reprocessing, theory 



Microstructure technology: real density of Solids and 
Powders

Helium is a very small mono-atomic gas, 
thus it can fill even the narrowest 
cavities in a porous material. It is 
expanded from a calibrated reference 
chamber to a second calibrated 
chamber where the sample is 
contained. The level of the established 
pressure in relation to the presence of 
the sample allows to calculate the 

P

Reference Sample

AtmHe
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the sample allows to calculate the 
sample volume.

Competences: high precision mechanics, 
high precision pressure measurement, 
temperature control below room 
temperature, analytical procedures.



Microstructure technology: Characterization of active 
surfaces

A reactive gas is selectively put in contact 
with the active sites of a catalyst, thus 
measuring the quantity and the reactivity. 
The probe gas can be chemisorbed at 
constant temperature (Pulse 
Chemisorption), desorbed by increasing 
the temperature (Temperature 
Programmed Desorption, TPD) or react 
selectively at a high temperature (TP-
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selectively at a high temperature (TP-
Reduction/TP-Oxidation). 

Competences: high temperature control, 
linear heating rates, gas/solid reactions, 
flow-through reactor, theory of chemical 
adsorption and desorption
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Microstructure technology: Gas Adsorption

An inert gas (N2) kept a LN2 temperature 
is adsorbed on the surface of a porous 
solid material. The gas uptake and the 
pressure at which adsorption tales place 
allow to calculate the exposed surface 
area and the dimensions of the pores of 
the material in terms of size and volume.

Competences: vacuum and high vacuum 
generation, static vacuum, precise 
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generation, static vacuum, precise 
vacuum measurement, cryogenic liquid 
technology, theory, analytical 
methodology
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The new Surface Area Analyzer: ThermoFisher Surfer

� Introducing an extended range of configurations build around a 
common platform to meet wider market demands 

� Introducing most advanced solutions for vacuum generation, 
determination of adsorbed gas volume, coolant level control, 
algorithm for experimental data acquisition

� Reducing up to 50% analysis time thanks to the lower required 
sample mass
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sample mass
� Easy and service free customization
� Reducing bench top space and optimizing sample prep



The new Surfer design 

Cabinet for manifold 
temperature controlled at 34 °C

Dewar for coolant automatically 

Easy access to sample holder
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raised by a lifting device

Pumps built-in the cabinet

Reduced bench space



General scheme of new Surfer

V2V1

Rotative or dry
Primary vacuum
Pump + 
Turbo (optional)

VMT100 or 
Micro-pirani vacuum 
gauge

Eq press. FS:
1000 torr

100 or 10 torr
1 torr

V5

Load press. FS:
1000 torr Liquid coolant

level control deviceV7
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Restriction V3 V4 V6

Sample

1 torr

4 gas 
inlet ports

V10

Saturation
Pressure

Manifold 
temperature

V9

Dosing 
manifold

V8

V7

V11

V12



The Degasser Device

V1

Primary Pump  
(external or from Surfer)

VMT750 + Display 
(optional)

V2 V3 V4 V5 V6 V7
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Samples

Heating Mantles



Separate and independent preparation device 

� Three sample prep at once
� Two independent temperatures
� Range from room to 450 °C 

steps 1 °C
� PID control
� Procedure for degassing safely 
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� Procedure for degassing safely 
fine powders

� Optional vacuum gauge
� Can use Surfer vacuum or 

independent pump
� Compact design



Inside Surfer

� Vacuum design

� Extremely reduced dead volume

� A new concept gas dosing system
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� A new concept gas dosing system

� Coolant level control by a new, 
effective device



Analysis Surfer Strengths: the vacuum design

Improved design of vacuum manifold to reach unmatched vacuum degree 
over the sample

Necessary for micro 
and ultra-micropores 
characterization

•Molecular drag pump at 
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•Molecular drag pump at 
extreme reduced distance from 
sample allows a real high 
vacuum generation on the 
material
•Large orifice vacuum valve
•Pressure transducers directly 
over the sample area



Analysis Surfer Strengths: reduced dead volume

Extremely reduced manifold dead 
volume permits to increase gas 
detection sensitivity thus reducing 
dramatically the sample load

� Often required when a only a 
small amount of sample is 
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small amount of sample is 
available or when absolute 
surface area is very small

� Extremely reduced analysis time



Analysis Surfer Strengths: the gas dosing system

New gas injection system based on double micro-valve sampling system 
improves sensitivity in adsorbed gas determination

In the available 
analytical methods 
users can decide 
manually or 
automatically the exact 
pressures at which the 
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experimental points will 
be measured for 
precise multipoint 
experiments or fast 
BET analysis
Future developments 
of this method will be 
relevant to isobar 
experiments on 
catalysts



Analysis Surfer Strengths: coolant level control device

� Coolant level device
• New exclusive liquid 

nitrogen level control 
+/- 0.02 mm!!!

Proportional 
valve

Restriction to 
vent

N2/Ar Gas

Platinum wire 
sensor for 
coolant level 
control

Sensors for coolant 
level control and 
saturation pressure
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N2/Ar Liq

Sample

Plexiglas tube 

Openings

PT100 sensor 
for saturation 
pressure real 
time monitor



Analysis Surfer Strengths

� Wide range of available configurations :
• Surfer Rapid
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• Surfer STD 
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• Surfer Micro 
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• Surfer Ultra Micro

• 	�
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�
��������
����
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� Completely new instrument design, bench top, chassis 
optimization reduces space on the bench

� New electronic allows complete instrument control by a PC 
connected through a Serial/LAN ports



Well organized and compact design

•Manifold cabinet
•temperature controlled

•Electronic cabinet
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•Electronic cabinet
•A/D converter of 24 bit

•Vacuum pumps cabinet
•Fits rotative/scroll/membrane 
and eventually turbo pumps



Configurable elements of Surfer

Micropirani 
gauge or low 
cost VMT750

Molecular drag 
pump

High precision 
capacitive or piezo 

equilibrium pressure 
transducers

Up to three pressure 
transducers for precise 

equilibrium pressure 
detection

Temperature 
controlled cabinet at 

34 °C
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High precision 
capacitive or piezo  
loading pressure 

transducer

High vacuum 
valve large 

orifice or low 
cost  standard 

orifice

pump

Rotative two stages 
pump or dry pump 

(scroll or membrane)

Long lasting 
cooling device (3 

lt dewar) for 
liquid nitrogen 

and liquid argon 



Technical features

� Liquid nitrogen / argon level controlled in the range of +/- 0.02 
mm thanks to a new proprietary design system

� Mechanical cabinet temperature controlled at 34 °C +/- 0.2 °C
� Internal manifold temperature measured by a precision of 0.01 

°C, stability of +/- 0.05 °C
� Manifold stainless steel made
� Built-in A/D converter 6 channels at 24 bit for pressure 

measurement features a resolution of 1 part per million 
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measurement features a resolution of 1 part per million 
� Up to 3 pressure transducers for equilibrium pressure and 1 for 

loading pressure can be installed simultaneously with automatic 
change of scale and alignment procedure

� Pumps located inside the cabinet
� Unmatched reduced bench space (for similar instruments)
� Separate 3 positions degassing device, can use same vacuum of 

Surfer or independent vacuum source



Some examples of physisorption experiments

� 3 repeated tests of nitrogen adsorption on activated carbon
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Isotherm plot Dubinin-Radushkevitch plot 

Specific surface area results
Test 1 – 1448 m2/g
Test 2 – 1450 m2/g
Test 3 – 1460 m2 /g
Average = 1453 m2/g
Standard deviation = 0.44%



Low pressure determination up to 1.10^-07 P/Po

� Adsorption of nitrogen at very low relative pressure on a 560 m2/g zeolite

200

300

Isotherm

-1
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System ideality and repeatability through helium injections

Repeated helium blanks at liquid nitrogen temperatu re linearity and reproducibility 
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Test 1 Test 2 Test 3 Repeatability

Inter. (Ncc/torr) = 0.09269 0.09271 0.09269 Average = 0.09270

24
Draft document – specifications can change without notice

0.092

0.0922

0.0924

0 100 200 300 400 500 600 700 800

He equilibrium pressure (torr)

In
tr

od
uc

ed
 H

e 
vo

lu
m

e 
(N

cc
 / 

to
rr

)

Inter. (Ncc/torr) = 0.09269 0.09271 0.09269 Average = 0.09270

Slope (ncc/torr^2) = 5.64953E-08 3.64125E-08 5.73391E-08 Stand. Dev. = 0.00001

Media (ncc/torr) = 0.09271 0.09273 0.09272 Deviation % = 0.014

Dev St (ncc/torr) = 1.33119E-05 1.23752E-05 1.49527E-05

Standard dev. %= 0.014 0.013 0.016

Max value = 0.09273 0.09275 0.09275

Min value = 0.09269 0.09271 0.09271

Maximum delta = 0.00004 0.00004 0.00004

Max Error (+/- %) 0.023 0.021 0.022



Special and unique benefits of Surfer

Surfer is faster thanks to the extremely reduced manifold dead volumes
Permits to reduce dramatically the sample mass required for a good and 
reproducible measurement thus reducing up to 50% the analysis time if 
compared with similar systems

New vacuum design and latest generation molecular drag pump
Permits an extremely reduced distance between sample and pump 
reaching a real vacuum of 10-6 torr required for ultra-microporous samples 
and catalysts
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and catalysts

Special high precision injection system for small doses of gas
Permits to keep the pressure constant at a required value for special and 
new analytical requirements
Data can be collected at the pressures required by the user
Extreme reproducibility and repeatability of experiments

Easy and service free customization


