. Fuﬁdamental‘s

® @ Contre} o

2nd World Congress
of Chemical Engineering

-Montréal, Canada

1981 October 4-9

' IX Interamerican Congress

of Chemical Engineering

31st Canadian Chemical
Engineering Conference

\
\ )

1
=
s
+
o
{

W

"




‘“Chemical Engineering
for World Development”

2nd World Congress of Chemical Engineering
IX Interamerican Congress of Chemical Engineering

31st Canadian Chemical Engineering Conference

Montreal, Canada
October 4-9, 1981

PROCEEDINGS
Volume V



PROGRAM COMMITTEE

Program Chairman
Professor Musa R. Kamal
McGill University

Communications
Dr. R.H. Crotogino
Pulp and Paper Research Institute
of Canada

Proceedings
Professor Martin E. Weber
McGill University

Poster Sessions
Professeur Claude Chavarie
Ecole Polytechnique de Montréal

Mr. R. Burnside
Pulp and Paper Research Institute
of Canada

Student Program
Dr. W. Ian Patterson
Ecole Polytechnique de Montréal

Secretary
Mrs. Karen W. Brown
McGill University

A
CONTENTS OF PROCEEDINGS BY THEME

N

Fossil Resource Development — Energy & Petrochemicals

Volume I: Ecohomic & Technological Outlook
International Cooperation
Canadian Industry and Energy
Sesiones de la Confederacion Interamericana
\ Biochemical Engineering
Education
Volume II:
Energy Development and Utilization
Nuclear Engineering
Volume III: Reaction Engineering
Biomedical Engineering
Fluidization
Volume IV: Unit Operations (excluding fluidization)
Volume V: Fundamentals
Control
Volume VI: Environmental Chemical Engineering

Primary Industries

Polymer Engineering

To order individual volumes, contact the Congress Secretariat:

2nd World Congress of Chemical Engineering
c/o Canadian Society for Chemical Engineering
151 Slater Street, Suite 906
Ottawa, Ontario, Canada. K1P 5H3
Tel.: (613) 233-5623
Telex: 053-4929 — CHEM ENG OTT



CONGRESS COMMITTEE

President, 2nd World Congress
Professeur Pierre Carreau
Ecole Polytechnique de Montréal

President, Interamerican Confederation
of Chemical Engineering

Dr. William H. Gauvin

Noranda Research Centre

Program Chairman
Professor Musa R. Kamal
McGill University

Vice-President, International
Professor W.J. Murray Douglas
McGill University

REGIONAL COORDINATORS

Dr. James Buckham
American Institute of Chemical Engineers

Dr. Trevor Evans
European Federation of Chemical
Engineering

THEME COORDINATORS

1. Economic and Technological Outlooks
Dr. J.F.C. Dixon
C-I-L Inc.

2. International Cooperation
Mr. M. Livingood
E.I. DuPont de Nemours &
Com;iany, Inc.

3. Canadian Industry and Energy
Professor Musa R. Kamal
McGiQ;‘University

4. Sesiones de la Confederacion
Interamericana
Ing. Rafael Kohanoff
Secretary General
Confederacion Interamericana de
Ingenieria Quimica

5. Fossil Resource Development —
Energy and Petrochemicals
Dr. C.W. Selvidge
Koch Industries, Inc.

6. Energy Development and Utilization
Dr. I. Farag
University of New Hampshire

Vice-President, Operations
Dr. George R. Kubanek
Noranda Research Centre

Vice-President, Finance
Mr. Eric Jones
Noranda Research Centre

Treasurer
M. Georges L. Bata
Institut de Génie des Matériaux

Exposition Chairman
Continuing Education, Chairman
Dr. Michael M. Avedesian
Noranda Research Centre *

Ing. Rafael Kohanoff
Interamerican Confederation of Chemical
Engineering

7. Nuclear Engineering
Dr. H.K. Rae
Atomic Energy of Canada Limited

8. Fundamentals
Professor T.W. Hoffman
McMaster University

9. Unit Operations and Separation
Processes
Professor J.R, Grace
University of British Columbia

10. Control
Professor D.G. Fisher
University of Alberta

11. Reaction Engineering
Dr. M_J. Phillips
University of Toronto

12. Safety in Ammonia Plants and
Related Facilities
Mr. J.W. Gearinger
E.I. DuPont de Nemours &
Company, Inc.

Publicity Chairman
Dr. Keith M. Thompson
Pulp and Paper Research Institute
of Canada

Secretary
Professeur Frank Ajersch
Ecole Polytechnique de Montréal

Congress Secretariat
Mr. Barry Bockus
Canadian Society for Chemical
Engineering

Professor Tokuro Mizushina
Asian Pacific Confederation of Chemical
Engineering

13. Environmental Chemical Engineering
Dr. A. Benedek
McMaster University

14. Primary Industries
Professor M.E, Weber
McGill University

15. Polymer Engineering
Professor J.L. White
University of Tennessee

16. Biochemical Engineering
Professor M. Moo-Young
University of Waterloo

17. Biomedical Engineering
Professor M. Moo-Young
University of Waterloo

18. Education and Student Program
. Dr. W, Ian Patterson
Ecole Polytechnique de Montréal

Presentation of a paper in this volume does not constitute final publication. Authors are free to submit
their manuscripts to journals as long as presentation at the Second World Congress is acknowledged.



>

PREFACE
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a partial collection of the presentations made at the 2nd World Congress of

Chemical Engineering.

The Technical Program of the 2nd World Congress of Chemical Engineering
and these Proceedings were the result of considerable effort by volunteers
who do not appear on any list of committee members. We would like to thank
the following students at McGill University for many hour® of help:

D. Abu-Fara, E. Chu, P. Higgins, A. Kallos, K. Kant, P. Lafleur, A. Menon,
S. Sabade, M. Sahto and S. Soong. Secretarial services were cheerfully
provided by Mrs. K. Brown and Mrs. K. Braginetz.
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