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Why We Care About Particle Size and Surface Area ?

Flowability

ñFilter-abilityò

Viscosity-Reology

Agglomeration

Dusting tendency

Settling rate

Activity/Reactivity rate (e.g. of catalyst)

Dissolution rate (of pharmaceutical)

Gas absorption

Hydration rate (of cement)

Moisture absorption

Entry into lungs (shape dependency too)

These characteristics control many properties of materials

Particle size

Adsorption

Physical Adsorption



What is Particle Size?
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What is Particle Size?

Due to symmetry, size of sphere 
is completely determined by 

only one parameter ïitôs 
diameter (radius)

Other properties of sphere are 
easily computed from its 
size:
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Different Equivalent Spheres
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Porosity
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Non-porous solid
ü Low specific surface area
ü Low specific pore volume

Porous solid
üHigh specific surface area
üHigh specific pore volume

F. Rouquerol, J. Rouquerol, K. S. W. Sing, Adsorption by Powders 
and Porous Solids, Academic Press, 1 -25, 1999

Porous materials have highly developed internal surface area that can be used to 
perform specific function.
Almost all solids are porous except for ceramics fired at extremely high 
temperatures
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F. Rouquerol, J. Rouquerol, K. S. W. Sing, Adsorption by Powders 
and Porous Solids, Academic Press, 1 -25, 1999

Open pores are accessible whereas closed pores are inaccessible pores. 
Open pores can be inter-connected, passing or dead end.
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Shapes of Pores

Conical
Interstices

SlitsCylindrical

Spherical or
Ink Bottle

Pore 
Shapes

F. Rouquerol, J. Rouquerol, K. S. W. Sing, Adsorption by Powders 
and Porous Solids, Academic Press, 1 -25, 1999
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Measure of porosity

Pore size and 

its distribution

Specific Surface Area, m 2/g = 

Porosity

Mass of the solid, g

Total surface area, m 2

Specific Pore volume, cm 3/g

Mass of the solid, g

Total pore volume, cm 3

=

Porosity, % = 

Volume of solid (including pores)

Volume of pores
X 100
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Size of Pores (IUPAC Standard)

2 nm 50 nm

Micropores Mesopores Macropores

Zeolite,
Activated 
carbon,
Metal organic
framework

Mesoporous silica, 
Activated carbon

Sintered metals 
and ceramics

Sing, K. S. W. et al. Reporting Physisorption Data for Gas/Solid Systems.

Pure & Appl. Chem. 57, 603-619 (1985).



Techniques for Porosity Analysis
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Mercury
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Small angle

X-ray
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Techniques

Å Can measure only open pores
Å Pore size : 0.4 nm ï50 nm
Å Easy
Å Established technique
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Å Similar to gas adsorption
Å Can measure only open 

pores
Å Pore size >1.5 nm
Å Easy
Å Established technique
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Techniques for Porosity Analysis

Å Provide information 
regarding pore 
connectivity

Å Pore size > 5nm
Å Pore size can be 

measured if the 
materials contains 
ordered pores

Å Rarely used for pore 
analysis
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Techniques for Porosity Analysis

Å Any pore size
Å Open & Close porosity
Å Costly
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surface layer at the gas-solid interface



Theory of Adsorption
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1. Diffusion to adsorbent surface
2. Migration into pores of adsorbent
3. Monolayer builds up of adsorbate

1 2 3

Gas molecules admitted under
increasing pressure to a clean, cold
surface.

Data treatment techniques find the
quantity of gas that forms the first
layer.
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S. Lowell & J. E. Shields, Powder Surface Area and Porosity, 
3rd Ed. Chapman & Hall, New York, 1991


