
DETAILED COURSE DESCRIPTION

ERE 672t:  Colloidal and Interface Science 

COURSE DEFINITION:


Shared Resource: 

Instructor:

Ramarao

Three hours of lecture per week.

Credit Hours: 3 (Spring)

Course Format: Two 1.5 hr lectures per week. Laboratory exercises as needed.

Pre- or co-requisite: Physical Chemistry.

SCOPE:

Level of Instruction: Graduate or Senior level physical chemistry or engineering.


COURSE OUTLINE

This course covers the fundamentals of colloidal and surface science as applied in bioprocess engineering operations.  
1. Basic Concepts. Colloidal dispersions. Particle size distributions. Instruments- Surface Force Apparatus. Flocculation, coagulation principles.

2. Brownian motion of colloidal particles. Random walk statistics. Polymer coils. Radius of gyration. Sedimentation. 

3. Solution Thermodynamics. Osmotic pressure - origin. Nonideality. Flory Huggins equation. Donnan membrane equilibrium. Osmotic pressure of charged colloids. Application to fiber cell wall system.

4. Surface Tension and contact angle. Definition of surface tension. Surface energy. Laplace equation. Young-DuPre (Laplace) equation for three phase contact lines. Surface tension measurements. Consequences for penetration of liquids in paper (porous media). Washburn equation. Lucas-Washburn kinetics. 

4. Surface Charge. Origins of surface charges - solution equilibrium, dissociation of ionogenic groups, isomorphous substitution in lattice structures. Applications to cellulose fiber systems, filler particles and other furnish components. Variation with pH and other solution conditions. 

5. Particle interactions in aqueous systems. Van der Waals' forces - origin and composition. Hamaker constants. Values for cellulose-water systems and filler systems. Electrical double layer. Poisson Boltzman equation. Linearization and Debye-Huckel Theory. Validity. Gouy-Chapman theory. Zeta Potential definition. Stern layers.

6. Colloidal Stability - DLVO Theory. Schulze-Hardy Rule. Application to retention in papermaking systems. 

7. Polymers and Polyelectrolytes. Properties in free solutions. Polymer radius of gyration. Variation of size with electrolytes, pH. Typical polyelectrolytes in papermaking and wastewater applications.

8. Adsorption of polymers and polyelectrolytes. Steric stability. Critical Flocculation temperature,

entropic and enthalpic stabilization. Adsorption of cationic polymers on cellulose surfaces. Effect of

charge density, molecular mass, pH and electrolytes. Anionic Interference materials.

OBJECTIVES.

After completing this course, the student should be able to:

1. Show a knowledge of the behavior and properties of colloidal dispersions.

2. Apply classical principles such as osmotic pressure, Donnan equilibria, colloidal stability and polyelectrolyte adsorption to develop an understanding of papermaking processes.

3. Apply these principles to study the behavior of wastewater and air emissions.

4. Understand principles behind retention and drainage issues in papermaking.

INSTRUCTIONAL FORMAT AND MATERIALS.

Format: Lectures will be the primary format used. These will be supplemented with laboratory demonstrations and/or experiments such as measurements of zeta potentials, streaming potentials etc.

Materials:


Required readings will be drawn from various sources including relevant journal articles, books and other sources.


Students will be asked to critique technical articles and prepare reports.

