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Prerequisite:  

1. Unit operations are very essentially part of chemical engineering; and hence, basic knowledge 

about the principles and equipment of solid-solid unit operations and solid-liquid unit 

operations is mandatory for any professional chemical engineer. 

 

Objectives:  

1. To study properties of solids, separation and size reduction of solids 

2. To understand fluid solid separation using sedimentation, fluidization and beneficiation 

Methods 

3. To study mixing and agitation, filtration, handling and conveying of solids 

 

Teaching and Examination Scheme: 

 

Teaching Scheme Evaluation Scheme Total  

Marks 
L T P Contact 

Hours 

Credits Theory Practical 

CIE 

(TH) 

ESE 

(TH) 

CIE 

 (PR) 

ESE  

(PR) 

3 0 2 5 4 40 60 20 30 150 

 

Content: 

 

 Unit 

No. 

Contents Teaching 

Hours 

Weightage 

% 

1 Solids and Its Flow Properties:  

 

Solids, Characteristics of Solid particles, Properties of 

particulate masses, Particle size, mixed particle size analysis, 

10 16 



Average particle size, Specific surface area of Mixture, no of 

particles in mixture 

2 Size reduction and Screening: 

 

Concept of size reduction , Crushing efficiency, crushing laws–

Rittinger’s, kick’s ,bond’s law, calculation based on laws 

Classification of size reduction equipment: crusher, grinder, 

Ultrafine grinder,  Dry vs wet grinding , open and close circuit 

grinding , screening equipment , Screening  Equipment – 

Grizzly screens, Gyrating screens, Trommels, Shaking screens, 

Oscillating screens 

12 20 

3 Filtration and sedimentation: 

 

Introduction , Classification of filtration and filters , Filter 

media, Filter press, Shell and leaf filters, Rotary drum vacuum 

filters, Centrifuges,  Gravity classifiers, clarifying filter, Sink 

and float method, Clarifiers and thickeners Batch and 

continuous filters  

10 17 

4 Mixing and agitation: 

 

Concept of mixing and agitation, different types of agitators and 

their selection criteria, Scale up of agitated vessels. , types of 

impellers, Mechanically agitated vessel, power requirement in 

mixing, performance of mixers. Batch and continuous mixers. 

Selection of agitation 

10 17 

5 Fluidization: 

 

Concept of fluidization , types of fluidization , fluidized bed 

System , minimum fluidization velocity and pressure drop in 

fluidized bed ,Application of batch and continuous fluidization, 

Slurry and pneumatic transport, mechanical and pneumatic 

conveying, elevators 

9 15 

6 Handling and Conveying of Solids: 

 

Storage of solids, characteristics of bulk solids, Conveyors: 

Principle, Construction and Working. Advantages, 

9 15 



Disadvantages and design calculations of Belt Conveyors, 

Screw conveyors, Chain & Flight conveyors, Bucket elevators 

and Pneumatic conveyors 

 

Course Outcome: 

 

Sr. No. CO statement Unit No 

CO-1 To characterize particles and perform size reduction and size analysis of 

particles to meet the need of chemical industries 

1 

CO-2 To review the practical importance and relevance of unit operations used for 

crushing, grinding and size separation in the chemical industry. 

2 

CO-3 To evaluate the parameters of various filtration equipment and sedimentation 3 

CO-4 To identify the different types of mixing, agitation and conveying of solids 

and estimating the power requirement 

4 

CO-5 To understand fluid flow through fluidized bed 5 

CO-6 To select a suitable type of conveyor for transportation of different types of 

solids 

6 

 

Teaching and Learning Mode:  

1. Practical sessions for developing lab technique and exemplifying the theoretical concepts 

covered in lectures 

2. Lectures with discussions, question and answer sessions, informal quizzes 

3. E - Resources for the virtual learning environment 

4. Model based learning 

 

List of Experiments: 

1. To determine effectiveness of a given set of standard screens 

2. To determine energy consumption and crushing law constants for jaw crushers 

3. To determine the screen efficiency for the given sample by vibrating screen 

4. To calculate the overall efficiency of the cyclone separator 

5. To carry out the batch sedimentation tests 

6. To carry out gravity filtration test 

7. To determine separation efficiency by using a magnetic separator 

8. To determine separation efficiency by using froth flotation cell 

9. To study size reduction of material by Ball mill 



10. To determine filter medium resistance and specific cake resistance by using Plate & 

frame 

 

Major Equipment: 

1. Jaw crusher 

2. Gyratory crusher 

3. Roll crusher 

4. Ball mill 

5. Cyclone separator, Plate & Frame filter press, Sieve shaker apparatus etc. 

 

Books Recommended: 

1. McCabe W. L. & Smith J.C. “Unit Operations in Chemical Engineering”. McGraw Hill 

Publications. 

2. Coulson J. M. and Richardson J.F. “Chemical Engineering Vol. 2”, Pergamon Press. 

3. Badger W. L and Banchero J.T. “Introduction to Chemical Engineering”, McGraw Hill 

Publications. 

4. Foust A. S “Principles of Unit Operation” 

5. George G. Brown, “Unit operations”, CBS publishers and distributors. 

 

List of Open Source Software/learning website: 

● https://nptel.ac.in/ 

● https://swayam.gov.in/ 

● https://www.coursera.org/ 

● https://www.vlab.co.in/ 

https://nptel.ac.in/
https://swayam.gov.in/
https://www.coursera.org/
https://www.vlab.co.in/

