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A NEW GRADUATE COURSE dealing with

noncatalytic heterogeneous reaction systems
has been developed at West Virginia University.
This course was started orginally as a seminar
course to supplement the first year graduate
course in chemical reaction engineering. Tradi-
tionally, the courses in chemical engineering kine-
tics deal mostly with the homogeneous systems,
and the catalytic heterogenous systems. How-
ever, many of the reactor design problems en-
countered by the students involve noncatalytic
heterogeneous reactions. There are a large num-
ber of solid-fluid reactions which must be treated
differently because the properties and reactives
of solid reactants change continuously as the re-
action progresses. Some of these reactions are:
combustion reaction of all the carbonaceous
materials, gasification reactioin pyrolysis reaction,
calcination reactions, roasting of ores, reduction
of matallic oxides, ion-exchange reactions, re-
moval of gaseous acid pollutants by solid alkali
and by scrubbing with an alkali slurry, fluorina-
tion of uranium oxides, etc.

It is the goal of this course to systematically
organize the material to present a unified treat-
ment of noncatalytic heterogeneous reaction sys-
tems in light of developing mechanistic as well
as phenomenological models useful for design
purposes. The approach taken here is to pro-
vide analysis of practical problems involving
reactions on a single particle and to develop con-
vincing and realistic yet sufficiently simple, mo-
dels necessary to describe the phenomena. The
deficiencies and limitations of each model are
then presented carefully. These models together
with reactor flow models and heat and mass
transfer characteristics in a multiparticle sys-
tem are combined to present integral reactor
design, stressing the current state of knowledge
and uncertainties in the supporting data.
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The students, who have had courses in chemi-
cal reaction engineering, thermodynamics and
transport phenomena, can choose to elect this
course. Since no specific text book is assigned,
in order to give some perspective to the course
objectives, Figure 1 presents an overall flow sheet
of the course illustrating interrelations and se-
quences of the subject matter to be introduced.
A more detailed outline of the course content and
the pertinent reference are presented in Table I.
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Fig. 1.—Overall flowsheet of noncatalytic heterogeneous reaction
systems course.

Depending on the solid properties and struc-
ture, such as porosity and crystallization char-
acteristics, as well as on the diffusional effects,
one may observe the solid reactant undergo
changes in various ways. Figure 2 shows a mi-
croscopic representation of a few typical cases
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TABLE 1. NONCATALYTIC HETEROGENEO
US REACTION SYSTEMS COURSE OUTLINE

References

I. Introduction

A. Definition, Classification and
Scope 86
B. Purposes and Objectives
C. Overall plan
II. Fundamentals 7,15,21,24,45,61,65
A, Diffusion 22,25,56,57
B. Diffusion in Porous Solids 61,64,77,93
C. Solid Diffusion
D. Heat Transfer 22,25,56,57
E. Heat Transfer in Porous
Solids 20,43,47
F. Pseudo-Steady State
Approximation 8,9,21,35,46,73,74,86
G. Review of Chemical Kinetics in
Heterogeneous Reaction 21,24,45,61,65
H. Surface Cheminstry and Crystalography
II1. Diffusional Kinetics in Surface
Reaction 6,12,13,31,83,86,87,89
A. Solid-Gas Reaction Models
B. Effectiveness Factors 30,31
C. Isothermal Untreacted-Core
Shrinking Model
D. Nonisothermal Unreacted-Core
Shrinking Model 47
E. Graphic Representation 27,29
F. Instability in Nonisothermal
Systems 2,68,63
G. Reversible Reactions 4,26,29,49,50
H. Geometries Other Than
Sphere 6,44
I. Experimental Work 1,16,18,19,23,28,36,
317,39,48,52,53,54,66,
67,75,79,90
1V. Diffusional Kinetics in. Volumetric
Reaction 3,30,86
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A. Isothermal Zone-Reaction
Model 3,11,44,51

B. Nonisothermal Zone-Reaction Model

C. Relation between Unreacted-Core Model and
Zone-Reaction Model 30,33,34,59,78,88

D. Other Models of Solid-Gas
Reaction 16,33,34,55,72,91

E. Experimental Work 10,16,40,79,80

V. Thermal Decomposition of Solids

A. Fundamentals in Thermal Decomposition
of Solids 29,38

B. Experimental Work 26,41,62,68,69,70

VI. Solid Diffusion and Reaction
A. Solid Diffusion in Nonporous Solids
B. Reaction of Nonporous Solids
VII. Complex Reaction Systems

A. Simultaneous Reactions of Gases
with a Solid 84,85

B. Consecutive Reactions of Solid
Reactants with Gases

C. Selectivity

VIII. Related Phenomena

. Melting and Freezing 15,73,74,76
Drying 5,71,82
Freeze Drying 60

. Leaching Process

Ion Exchange

Regeneration and Deactivation
of Catalysis 14,79,80,81
Reactor Flow Models 45
A. Age Distribution

B. Dispersion Model

C. Compartment Model

D

E

F

HEYOWR

IX.

. Circulation Model
. Two Phase Model
. Bubble Model
X. Application to Fixed and Moving Bed
Reactors 32
A. Behavior of Gases
B. Behavior of Solids
C. Conversion of Gas and Solid
XI. Application to Fluid Bed and Entrained
Bed Reactors 42,92
A. Behavior of Gases
B. Behavior of Solids
C. Conversion of Gas and Solid
XII. Application to Three Phase
Systems 65
A. Slurry Reactor
B. Venturi Reactor
C. Turbulent Bed Contactor
D. Three Phase Fluid Bed Reactor
XIII. Optimization and Control 17

illustrating the ways a particle reacts with a
fluid reactant. Single particle models describing
these phenomena are also shown. Figure 3 is a
schematic diagram showing the effects of tem-
perature on apparent overall rate reaction.
In Figure 4, a schematic illustration of rate-
controlling steps is shown. The understanding
of chemical and physical phenomena on a single
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Fig. 2.—Single particle fluid-solid reaction models.

particle paves the way to the subsequent develop-
ment of multiparticle system analysis. The in-
formation of single particle phenomena is thus
combined together with the reactor flow models
and material and heat balance to develop design
criteria for an integral noncatalytic heterogene-
ous reactor.

Design of reactors for treating solid, liquid,
or gaseous pollutants is of vital significance in
coping with today’s environmental problems.
Processes such as fluidized bed incineration of
solid waste, sulfur dioxide removal from PF
boilers by limestone injection and by wet scrub-
bing with liquor containing limestone, neutrali-
zation of acid mine drainage, etc., which are of
particular significance to ecology are discussed.
Also biological reactors for treating primary ef-
fluents are included in discussion. In addition,
gagsification and liquefaction of fossil fuels for
production of natural gas and petroleum sub-
stitutes to meet the national need for clean en-
ergy are presented in detail. These processes and
topics of current interest to society and to the
students are emphasized. Reactor design and
process problems associated with these processes
are discussed to encourage further research in
these areas.

Finally, optimum reactor design and selec-
tion of a proper reactor to achieve the maximum
selectivity of the products are discussed.

It is hoped that this course on noncatalytic
heterogeneous reaction systems based on both
mechanistic and phenomenological approaches
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This course presents a unified

treatment of the subject in light of
developing mechanistic and phenomenological
models useful for design purposes.

Log (Reaction rate)

Fig. 3.—Schematic diagram showing three temperature zones of
solid-gas reaction systems and concentration profiles in the solid.

will lead eventually to a unified and coherent dis-
cipline for treating this important but complex
class of chemical reaction systems.
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