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An example Batch Reactor [p.602, 13] 



4 

Designs of reactors 

 

Based on the phases involved, reactors may 

adopt various shapes and designs 

depending upon the process requirements. 

  

What is a phase? 
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Reactors for gas phase only[15] 

• If rate of the reaction is high, the reaction can be carried out in 

small reaction spaces e.g. in flames and arcs.  

• For slower reaction larger reaction space is required. 
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Reactors for liquid phase only[15] 

• Batch operations are common.  
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Gas-liquid reactors[15] 
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Gas-liquid reactors[15] 
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Gas-liquid reactors[15] 
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Think other possible designs. 

Gas-liquid reactors 
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Liquid-solid reactors[15] 
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Liquid-solid reactors[15] 
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Gas-solid reactors[15] 
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Gas-solid reactors[15] 
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Gas-Liquid-solid reactors[15] 
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Possible design of reactors 

  

 

Think other designs. 

Make your own designs.  

You may have a novel idea. 
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Basic types of furnaces[14] 
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Gas-Liquid-solid reactors[14] 
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Design of a fixed bed reactor 

A commonly used fixed bed reactor has the following 

features: 

The reactor is used for a fluid-solid contact though 

gas-solid systems are more common. 

The solid catalyst particles are arranged randomly in a 

cylindrical shell or tube, where the solid particles 

remain fixed with respect to each other as well with 

respect to the reactor wall.  

 

How will you define moving bed reactor and fluidized 

bed reactor? 
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Design of a fixed bed reactor 

The gas or liquid flows from top to the bottom. The 

flow in upward direction may loosen the bed giving rise 

to attrition and fine particles may increase the pressure 

drop and may possibly be fluidized.    

Sulfuric acid production (SO2 oxidation), methanol 

production, ammonia synthesis, manufacture of styrene 

by the dehydrogenation of ethylbenzene are some of the 

industrial examples that require a fixed bed reactor.  

The catalytic bed may be arranged in a single shell or 

single shells stacked one above the other.  
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Design of a fixed bed reactor 

The catalyst bed may be arranged in a multitubular 

geometry in which a set of tubes are placed inside a shell. 

This conforms to a shell and heat exchanger type 

assembly. The catalyst may be packed inside or outside of 

the tubes.  

A radial flow reactor may also be used where pressure 

drop is an issue.  

The usual catalyst particle size ranges between 2-6 mm. 

Various shapes of catalysts may be used. Spherical, solid 

cylindrical, hollow cylindrical (Raschig ring type), 

Lessing ring type, extrudates, etc., are the different kinds 

of shapes of catalyst that may be employed.  
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Variety of catalysts: pressure drop [17] 
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Design of a fixed bed reactor 

Thermodynamics of the reaction (heat of reaction and chemical 

reaction equilibrium consideration) 

Reaction reversiblity 

Kinetics (rate) of the given reaction 

Feed composition and product specifications 

Flow requirement 

Thermal energy requirement 

Bed arrangement 

Properties of catalytic particles and catalytic bed 

Catalyst weight (size of the reactor) 

Length to diameter ratio 

Pressure drop 

Temperature and composition distributions 

One or more of these requirements may be dependent on each other.  
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Example fixed bed reactor[14] 
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Example fixed bed reactor[16] 
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Various kinds of fixed bed reactors[10] 
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Various kinds of fixed bed 
reactors[14] 
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