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Drying is an operation of mass transfer and 
usually heat transmission in one, in which 
moisture is removed from the wet material. 

The direction of component transfer (moisture 
evaporation) is from the stock to the air.

Definition of drying
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Phase diagram
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stationary-layer  processes

Freeze drying

Definition:

Freeze-drying or lyophilisation is an effective way of drying
materials without harming their structure. It makes use of the
physical phenomenon of sublimation, which involves the direct
transition between the solid state and the gaseous state without
passing through the liquid phase. To achieve this, the frozen
product is dried under vacuum, without being allowed to thaw out.

Examples of freeze dried products are antibiotics, bacteria,
vaccines, diagnostic medications, protein-containing and
biotechnological products, cells and tissues, and chemicals.



Advantages:

 heat sensitive ingredients can be dried without any 

significant change

 the biological samples and ingredients can remain their 

original biochemical, physiological, therapeutic properties 

after the drying process

 porous (with a large internal surface) structure is created

 rapid and complete dissolution (rehydration) of the dried 

material is possible.
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Disadvantages:

 high investation cost

 expensive operation, significant energy need
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Freeze drying



1. Freezing 
2. Sublimation of water from the frozen mass 
3. Heating of mass
4. After-drying
5. Closing
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stationary-layer processes

Freeze drying
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1. Freezing 
2. Sublimation of water from the frozen mass (primary drying)
3. Heating of mass
4. After-drying (secondary drying)
5. Closing
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Steps of freeze drying



1. Freezing 

Usually done by the freeze drying machine, it is important to
reduce the temperature below the triple point where no liquid
phase can appear

Material is cooled down to or below -40 °C, thus material is
freezed

Air is the commonly used cooling medium, in some cases liquid
CO2 or liquid nitrogen can be used
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1. Freezing 
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1. Freezing 
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time



1. Freezing 
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1. Freezing 
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2. Sublimation of water from the frozen mass 

In this phase the pressure is reduced alowing solvent to sublimate

More then 95% of solvent is removed

This phase is very slow, it can take several days
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3.Heating of mass

Lose of heat has to be in balance with heat transfer in order not to
cool down and warm up excessively

If materials cools down more than needed, process of drying
slows down, but if it warms up, it can be able to melt.

Heat transfer should be adjusted to the sensitivity of material.
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4.After-drying
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stationary-layer processes

Steps of freeze drying

If the most of the vapor is eliminated from the material, than
material can be heated with higher speed

On appropriate vacuum, temperature of material can be kept in
30-40 C0

Moisture content of the end product have to be
< 1%



5.Closing
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stationary-layer processes

Steps of freeze drying

• Packaging of end product have to be perfect, hermetically 
closed, in most cases with protective inert gas

• Dryed product is sensitive to air moisture and oxidation
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stationary-layer processes

Freeze dryers



stationary-layer processes

Industrial freeze dryer



• https://www.youtube.com/watch?v=twEnPTk
Cu9k
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• increase the shelf life of the products such as:
– live virus vaccines

– biologics and other injectables

• reconstitution in vials and more recently in prefilled syringes:

• stability of therapeutical proteins and monoclonal antybodies:

• manufacturing of raw materials for pharmaceutical products.

• dry powders of probiotics are often produced by bulk freeze-
drying of live microorganisms such as Lactic acid bacteria and 
Bifidobacteria



Zyprexa Velotab 5mg

• Pharmaceutical preparation prepared by 
lyophilization (Zydis)

• Due to its structure, the tablet disintegrates in 
the mouth

• It contains the active substance olanzapine





• (a) Pure insulin powder
from a 5 mg ml−1insulin
solution at pH 2.0
(magnification 2500×)

• (b) SFD microparticles
from a pure TMDD (3 : 3 :
3 : 1) 35% (w/w) solution
freeze-dried at −10°C and
100 mtorr (magnification
1000×)

• (c) at –30°C and 100
mtorr (magnification
2500×).

• (d) SFD microspheres
from a TMDD (3 : 3 : 3 : 1)
35% (w/w) solution
loaded with 25% insulin
(magnification 500×).



• Scanning electron microscopic image of inhalable dry powder 
of nucleic acids prepared by spray freeze drying 



Instant coffee freeze dried



Spray freezed-freezy dried coffee
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Thank you
for your attention!!!


