Chem Eng 4B3/6B3

Polymer Reaction Engineering and Materials

2011
Course Objective: To study polymerization kinetics (condensation, free radical, controlled radical, anionic, cataionic, Ziegler-Natta, and metalocene), polymerization processes (bulk, solution, precipitation, suspension, emulsion, gas-phase, and slurry), polymerization reactor design and control (batch, semi-batch, and continuous).  To study various polymer characterization methods, polymer chain structure and material property relationships, and some recent developments in the field.
Instructors:
Dr. Shiping Zhu  (JHE 250/A, ext. 24962, zhuship@mcmaster.ca) 

TA:

Mr. Rohan Pukadyil (JHE 361, ext. 23263, pukadyrn@mcmaster.ca)
Lecture Hours:
Tuesday 11:30-12:20 AM, Thursday 11:30-1:20

Lecture Room:
ABB 164
Assessment:
4B3:  5 assignments

25 %

2 hours midterm examination
25 %

3 hours final examination

50 %

6B3:
Additional questions given in each assignment and exam.

There might be a grade adjustment re curving

The final percentage grades will be converted in letter grades using the Registrar’s recommended procedure.
If you miss midterm with good reason, your midterm mark will be calculated from class average midterm x your final / class average final; If you miss an assignment with good reason, you are still required to do late submission and the mark is calculated from the same equation with respect to other assignments.
Recommended

Text Book:
(1) Chem Eng 4B3/6B3 Course Notes

(2) Paul Hiemenz, Timothy Lodge, "Polymer Chemistry, The Basic Concepts”, 2nd edition,  Marcel Dekker,  2007

(3) George Odian, “Principles of Polymerization”, 4th edition, Wiley-Interscience, 2004

References:
(1) J.A. Biesenberger, D.H. Sebastian,  "Principles of Polymerization Engineering",  John Wiley & Sons,  1983

(2) A. Rudin, “The Elements of Polymer Science and Engineering”, 2nd edition, Academic Press, 1998

(3) H.R. Allcock, F.W. Lampe, J.E. Mark,  "Contemporary Polymer Chemistry”, 3rd edition, Prentice Hall, 2003

(4) P.J. Flory,  "Principles of Polymer Chemistry",  Cornell University Press,  1953

(5) J.M.G. Cowie,  “Polymers: Chemistry and Physics of Modern Materials” 2nd Edition, Blackie A&P, 1994

(6) R.J. Young, P.A. Lovel  “Introduction to Polymers”  2nd edition, CRC, 2000

(7) T.L. Richardson,  “Industrial Plastics: Theory and Application”, 2nd ed., Delmar Publishers, 1989

(8) A.E. Hamielec, H. Tobita,  "Polymerization Processes", Ullman’s Encyclopedia of Industrial Chemistry, Vol. A21, VCH Verlagsgesellschaft mbH, Weinheim,  1992

The Faculty of Engineering is concerned with ensuring an environment that is free of all discrimination.  If there is a problem, individuals are reminded that they should contact the Department Chair, the Sexual Harassment Officer or the Human Rights Consultant, as the problem occurs.

University Policy:  Academic dishonesty consists of misrepresentation by deception or by other fraudulent means and can result in serious consequences, e.g. the grade of zero on an assignment, loss of credit with a notation on the transcript (notation reads: “Grade of F assigned for academic dishonesty”), and/or suspension or expulsion from the university.  It is your responsibility to understand what constitutes academic dishonesty.  For information on the various kinds of academic dishonesty please refer to the Academic Integrity Policy, specifically Appendix 3, located at: http://www.mcmaster.ca/senate/academic/ac_integrity.htm
"The instructor and university reserve the right to modify elements of the course during the term. The university may change the dates and deadlines for any or all courses in extreme circumstances. If either type of modification becomes necessary, reasonable notice and communication with the students will be given with explanation and the opportunity to comment on changes. It is the responsibility of the student to check their McMaster email and course websites weekly during the term and to note any changes."

Course Content

PART ONE – From Polymer to Macromolecule
1.
Introduction








3 hours

1.1
Overview of the Course

1.2
Classification of Polymers

1.3
Polymer Properties

1.4
Polymer History

PART TWO - POLYMERIZATION MECHANISMS AND KINETICS
2.
Step-Growth (Condensation) Polymerization


2 hours

2.1
Polycondensation Mechanisms

2.2
Polymerization Rates

2.3
Molecular Weight Distribution

2.4
Non-linear Polycondensation

3.
Free-Radical Chain-Growth (Addition) Polymerization

4 hours
3.1
Free-Radical Mechanisms

3.2
Polymerization Rates

3.3
Molecular Weight Distribution

3.4
Gel Formation

3.5
Controlled/living Radical Polymerization

4.
Ionic Addition Polymerization





2 hours
4.1
Anionic and Living Anionic Polymerization

4.2
Cationic Polymerization

4.3
Heterogeneous Ziegler-Natta Polymerization

4.4
Metallocene Polymerization

5.
Copolymerization







5 hours
5.1
Copolymer Composition

5.2
Penultimate Model

5.3
Pseudo-Kinetic Rate Constant Method

5.4
Vinyl/Divinyl Copolymerization

PART THREE - POLYMERIZATION PROCESSES AND REACTORS

6. Batch, Semi-batch, and Continuous Reactors


5 hours

6.1 Mass Balance and Reactor Feeding Policies

6.2 Heat Balance and Reactor Cooling

6.3 Semi-batch Control over Polymer Composition

7.
Bulk, Solution, and Precipitation Polymerizations


3 hours
7.1 Bulk Polymerization and Viscosity Control

7.2 Solution Polymerization

7.3 Polymer Solubility

7.4 Precipitation Polymerization

8.
Suspension and Emulsion Polymerization Processes

5 hours

8.1
Suspension Polymerization

8.2 Emulsion Polymerization: Fundamental Mechanisms

8.3 Emulsion Polymerization: Limiting Cases

8.4 Emulsion Polymerization: Industrial Examples

9.
Influence of Reactor Type on Polymer Properties


4 hours
9.1
Reactor Residence Time Distribution

9.2 Denbigh Rules

9.3 Effect of RTD on MW and Composition

9.4 Reactor Dynamics and Stability

PART FOUR – POLYMER CHARACTERIZATION AND MATERIAL PROPERTIES
10.
Polymer Characterization Methods




1 hours
10.1
Chromatography and various detectors

10.2
Spectroscopy – NMR and FTIR

10.3
Calorimetry and rheometry

11.
Polymer Material Properties





2 hours

11.1     Semi-crystalline and amorphous polymers

11.2     Polymer viscoelasticity – creeping and relaxation

11.3
Polymer mechnical properties

11.4    Polymer semi-conductors

A total of 36 hours plus 2 hours Mid-Term test and 1 hour Final Exam review

