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Outline
Liquid-Solid Filtration 

 Theory of filtration 
 Total resistance 
 Specific resistance of filter cake 

Two case studies: 

 Constant rate 
 Constant pressure
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Solid-Liquid separation
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Solid-Liquid separation
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Why filter?

•For separation of:
•Solids (as product) from liquid waste (e.g. slurry 

dewatering via filtration in TiO2 manufacturing )
•Solids (as waste) from liquid product (e.g. broth 

filtration for penicillin recovery)
•Solids (as product) from liquid product (e.g. sugar 

mud from sugar solution. Precipitated chalk is 
filtered, washed and pressed (limeX) 

•Solids (as waste) from liquid (waste) (e.g. effluent 
treatment)
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The key particle 
characteristics

• Particle size
• Particle size distribution (mass or 

volume; surface; number)

• Particle shape
• Shape distribution

• Particle nature
• Compressible?
• Sticky?

• Particle chemical properties
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Solid-Liquid separation
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Solid-Liquid separation

Surface filtration is a process where the filtrate passes across the thickness
of a porous sheet while the suspended solids are retained on the surface of
the sheet. A sheet with large pores has low resistance to flow therefore
filtrate flow is rapid, however, small particles may pass through resulting in a
cloudy filtrate.
Surface filtration allows no cake accumulation. Flow stops when solids cover
the pores.
Example: Filtration sterilization of beer using microporous filters.
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Solid-Liquid separation

Depth filtration is a process where the filter medium is thick,
and solids penetrate the depth of the filter. Eventually, solids
block the pores and stop filtrate flow, or solids may break
through the filter and contaminate the filtrate.

Once filtrate flow stops or slows down considerably, the filter
must be replaced.
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Theory of filtration
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Theory of filtration
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Theory of filtration

k- constant
ε - Porosity of the cake (void volume)
S – specific area of solid particles
𝜌- density of solids
x- size of the particles
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Theory of filtration

1. Filtration at constant rate
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2. Constant pressure filtration
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Equipment selection
FACTORS TO CONSIDER

-The properties of the fluid, particularly its viscosity, density and corrosive
properties.
-The nature of the solids—its particle size and shape, size distribution, and packing
characteristics.
-The concentration of solids in suspension.
-The quantity of material to be handled, and its value.
-Whether the valuable product is the solid, the fluid, or both.
-Whether it is necessary to wash the filtered solids.
-Whether very slight contamination caused by contact of the suspension or filtrate
with the various components of the equipment is detrimental to the product.
-Whether the feed liquor may be heated.
-Whether any form of pretreatment might be helpful.
-Equipment maintenance.
-Product value.
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Equipment
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Equipment
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Equipment
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Scrapper discharge
Precoat discharge
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Cross-flow filtration

• An alternative method of reducing the resistance to filtration
is to recirculate the slurry and thereby maintain a high
velocity of flow parallel to the surface of the filter medium.

• In cross- flow filtration the suspension flows with high speed
tangentially to the filter surface, preventing the formation of
a cake.

• Typical recirculation rates may be 10–20 times the filtration
rate.
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Cross-flow filtration
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