


 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



Heat transfer & properties of steam 
•Heat transfer is involved in many pharmaceutical processes. 

•Heat is due to the motion of molecules. Expressed in Joules, kJ & 
See Fig. 30.1. heat raises water in the bath to boiling point. 
Further heat generates steam (latent heat of evaporation). Heat 
impinges on the dish which is at RT. Steam condenses on outer 
cool layer of the dish i.e., gives up its latent heat and forms layer 
of condensate which drops back into the bath (continuous). 
Librated latent heat passes to the contents to be heated by 
conduction (steam bath). Steam is the heat transfer agent (not 
direct as gas flame) which will never exceed 100 C and more 

uniform.    
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Methods of heat transfer 

• pass must heat latent in explained as :Conduction
through the condensate layer & the dish wall. Energy is 
transferred to adjacent molecule by momentum transfer 

(conduction).  

• fluid cold the st1 conduction by passes heat :Convection
in contact with inner wall is heated and expands, it 
lowers its density and convection currents begin and 
warm layer starts mixing up with cold layers (natural 
convection). In industry, fluids are heated inside metal 
tubes in turbulent flow (which transfers heat more 
rapidly) this is forced convection which is more efficient.  
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Methods of heat transfer.. Cntd.. 
• Radiation: sun heat is transmitted in electromagnetic waves 

through empty spaces. When its absorbed by a body, it 
reappears as heat.  

• Rate of heat transfer is important (different than actual 
quantity of heat supplied). E.g., needs same quantity of heat 
to boil water in a pot but different rate (time) from low flame 
and direct full flame.  

• The quantity of heat transferred (Q joules) in time (t seconds) 
will depend on the difference in temperature between the 
inner & outer surfaces of the dish and dish thickness Ld, and 
area of heat transfer (A).  
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Drying 
• Usually last step of formulation before packaging. (reduce 

moisture content to prevent product deterioration and ensure 
free flowing). 

• Defined: the removal of all or most of the liquid by supplying 
latent heat to cause thermal vaporization. 

• Drying of wet solids:  

• Moisture content: what does 0.1 moisture content mean? That 
0.1 kg of removable water is present in 1 kg of the dry solid that 
will remain after drying. 

• Equilibrium moisture content (EMC): some moisture might be 
regained from atmosphere after drying if the dry powder is 
exposed to air. Its termed EMC under the ambient conditions 
and will change if the conditions change. 
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Spray drier 

• Spray drying starts with the atomization of a liquid feedstock into a spray 
of droplets. Next, the droplets are put in contact with hot air in a drying 
chamber. The sprays are produced by an atomizer of different types. 
Evaporation of moisture from the droplets and formation of dry particles 
proceed under controlled temperature and airflow conditions. Powder is 
continuously discharged from the drying chamber and recovered from the 
exhaust gases using a cyclone or a bag filter. The whole process generally 
takes no more than a few seconds.  

 
Every dryer consists of:  

• a feed pump  
• An atomizer  
• an air heater  
• an air disperser  
• a drying chamber  
• systems for powder recovery  
• exhaust air cleaning systems  
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• Adv. of spray drying: droplets are small, giving a large surface 
area for heat and mass transfer, so evaporation is very rapid. 

• Because evaporation is very rapid, droplets don’t attain high 
temperature. 

• The product has high bulk density which, ready  solubility. 

• Powder will have a uniform and controllable particle size. 

• The product is in spherical shape, i.e., free flowing (convenient 
for tablet manufacturing) 

• It’s a single operation process; no handling or labour costs. 

• Disadv.: the equipment is very bulky (huge) and expensive. 

• Some driers should operate in a closed circuit mode with an 
inert gas to minimize oxidization of the product. 
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Fluidized bed drier 

• (see Fig. 38.8) an air current is drawn through the intake air filter 
and the air heater and through final filter. The clean and warm air is 
drawn through the granulate container from the bottom up-wards 
in a stream strong enough to keep the granulation suspended. A 
bag filter, located above the granulate container, permits only air to 
leave the cabinet. the air, now relatively highly saturated, is useless 
for drying and is discharged out of the system. It is a rapid and 
efficient drying process 

• Advantages: efficient  heat and mass transfer give high drying rates, 
so drying time is short (a batch of tablets can be dried in 20-30 
min,, while takes several hours in compartment drier). Economic 
and suitable for thermolabile materials. 

•Gives drying from individual particles not from the entire bed.  
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Advantages.. Cntd. 

• Temperate of fluidized bed is uniform and can be 
controlled precisely.  

• The fluidized state produces a free-flowing product.  

• No soluble materials migration (due to free movement of 
individual particles) 

• Containers can be mobile, reducing labour costs. 

•  short drying times. 
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Disadvantages 
•Turbulence of the fluidized state may cause attrition of 

some materials, with the production of fines. 

•Fine particles may become entrained and must be 
collected by bag filters with a chance of segregation or 

loss of fines.  

•Vigorous movement of particles in hot dry air may lead 
to generation of charges of static electricity.  
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Freeze drying  
•Freeze-drying is a dehydration process typically used to 

preserve a perishable material or make the material more 
convenient for transport. Freeze-drying works by freezing 
the material and then reducing the surrounding pressure 
and adding enough heat to allow the frozen water in the 
material to sublime directly from the solid phase to gas (see 

the Fig.). 

• the in stages three are There :process drying-freeze The
complete freeze-drying process: freezing, primary drying, 

and secondary drying. 

• large freezing of consists process freezing The :Freezing
volumes of material such as blood. Bottle is rotated slowly 

in a refrigerated bath 
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•, the boundary between gas and liquid runs phase diagramIn a typical 

from the triple point. Freeze drying (blue arrow) brings the system around 
gas transition seen in ordinary -, avoiding the direct liquidtriple pointthe 

drying (green arrow). 
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• the phase, drying primary the During :drying Primary
pressure is lowered (to the range of a few millibars), and 
enough heat is supplied to the material for the water to 
sublimate( the latent heat of sublimation must be 
provided and vapour removed). In this initial drying 
phase, about 95% of the water in the material is 
sublimated. This phase may be slow (can be several days 
in the industry), because, if too much heat is added, the 

material’s structure could be altered. 

•Its important to remove the vapour because too much 
will stop sublimation. Vacuum pumps are used.     
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• by happens moisture residual of removal here, :drying Secondary
raising the temperature of the solid to as high as 50-60 oC, to break 
any physico-chemical interactions that have formed between the 
water molecules and the frozen material. Usually the pressure is 
also lowered in this stage to encourage desorption (typically in the 

range of microbars, or fractions of a pascal).  
• Closing .ensured be should moisture from protection :Packaging

must be carried out under controlled atmospheric conditions.  
• so temperature, low very at place takes drying :drying freeze of Adv

hydrolysis is minimized.  
•The product is light and porous. 
•Porous product gives ready solubility. 
•No protein denaturation occurs compared to other drying 

processes. 
•Under vacuum, no contact with air, i.e., oxidization is minimized.   
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