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Traditionally, water-treatment subjects are cov-
ered extensively only in civil engineering, even
though several aspects can be analyzed without dif-
ficulty under the light of current chemical engineer-
ing theoretical tools. Severe damage to the environ-
ment caused by discarded wastewater, alternatives
for treatment, and theoretical considerations can all
be efficiently introduced in courses such as the intro-
duction to chemical engineering, transport phenom-
ena, reactor design, and unit operations.

Including water subjects in engineering educa-
tion is particularly important in arid regions of the
world where water is a limiting factor for industrial
and urban development. In Northern Chile, a region
of extreme aridity,'?' every industrial activity is af-
fected by a limited supply of water, and chemical
engineers are often faced with industrial processes
susceptible to be upgraded, e.g., water recycling. Also,
the trend of ever-increasing environmental regula-
tions in industry justifies the need for introducing

Luis Caceres V. is an assistant professor of chemical engineering at the
Universidad de Antofagasta (Chile), and he is a researcher at the Instituto
del Desierto. He received his Master's Degree in 1984 from the University of
Toronto (Canada).

Erika Gruttner D. is an associate professor of chemical engineering at the
Universidad de Antofagasta (Chile), and is a researcher at the Instituto del
Desierto. She finished her studies in chemical engineering at the Universidad
Técnica del Estado, Santiago, Chile, in 1978.

Vinka Monardes V. received her Bachelor's Degree in 1989 from the
chemical engineering department at the Universidad de Antofagasta (Chile),
and since then she has been actively involved in research at the Instituto del
Desierto.

René Contreras N. is an associate professor at the Universidad de An-
tofagasta (Chile) and is a researcher at the Instituto del Desierto. He
received his PhD from the University of Perpignan (France) in 1984.

Benito Gomez-Silva is a biochemist, associate professor, and director of
the Instituto del Desierto, Universidad de Antofagasta. He received his PhD

degree in photobiology at Brandeis University in 1985.

20

Including water subjects in engineering education
is particularly important in arid regions of the
world where water is a limiting factor for
industrial and urban development.
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wastewater treatment subjects into the chemical en-
gineering curriculum.

Most educators agree that environmental-related
issues need to be incorporated into the chemical
engineering curriculum, but there is no agree-
ment on the procedure for doing so. To achieve
this, some U.S. universities have considered the fol-
lowing options:

* including some environmental-related issues in the

capstone senior design course

 consideration of elective courses containing environ-
mental-related issues

* coordinating environmental-related-issue training

through examples and homework problems in the
core chemical engineering courses'”

The chemical engineering department at the
Universidad de Antofagasta has recently incorpo-
rated environmental-related water issues into the
curriculum with good results and without a signifi-
cant increase in the students' academic load. The
aim of this activity is: 1) to promote a working knowl-
edge of both the basic indexes used in the descrip-
tion of water quality and water treatment technolo-
gies, 2) to advance an understanding of the need to
rid the water of microorganisms and chemicals, and
3) to enhance the students' perception of water and
its relationship to environmental issues. Our ap-
proach exposes the students to exercises with incom-
patible or incomplete sets of data in order to encour-
age discussion and creativity. This non-traditional
approach is a well-recognized practice that has the
effect of improving the student's insight into chemi-
cal engineering processes.'*’ We also introduce key
water-treatment concepts through exercises and dis-
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cussions, and we emphasize both water contamina-
tion problems and water reclamation during routine
visits to local mines and factories.

Water recycling and wastewater reclamation are
two environmental-related issues discussed in classes
at the Universidad de Antofagasta, and they are
described in detail below.

EXAMPLE 1
Water Recycling in a Copper Concentrating Plant

During the course Introduction to Chemical En-
gineering, a once-a-year visit to the nearby Mantos
Blancos mine is planned. Figure 1 shows the recy-
cling water system used there.”” Chemical engineer-
ing students are asked to determine all the informa-
tion necessary to complete Table 1 by interviewing
supervisors and operators at the plant. Both the
table and the figure are given to the student in
advance of the plant trip. They must also inquire
about the details of the process strategies which
minimize water content in the band filter cake.

The final field report should contain a discussion
on

* Data Compatibility: in order to find out how well-
connected all the information collected during the
field trip is, a mass balance and the corresponding
degree of freedom analysis must be performed'®

» Water recycling: From the analysis above and given
the fresh-water cost, the importance of maximum
cake dewaterability in the filter band must be
deduced.
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As a result of these exercises and

discussions, the students achieve a
straightforward understanding of the basic
operating principles of wastewater

stabilization ponds.
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At this point students should "translate" the in-
formation given by the plant personnel, i.e., the use
of percentage solid index, over or under 200 mesh,
when standards for cake dewaterability are estab-
lished. Thus, compounding elements of mass bal-
ance, integral process control, and concern for water
are all involved in this example. Some field reports
contain interesting suggestions on the processes stud-
ies, e.g., experimental measurements of cake dewa-
terability under different particle size distribution.

Water recycling is also partially reviewed in
courses such as unit operations, where bench scale
filtration tests are computed.

EXAMPLE 2

Water Treatment in Stabilization Ponds
Theoretical aspects of water treatment can be
discussed in a single exercise in the reactor design
course.

Wastewater stabilization ponds are open lagoons
where aerobic bacterial and microalgae growth and
metabolism transform organic matter into stable com-
pounds and pathogenic microorganisms are gradu-
ally eliminated.'” Water can then be safely reused,
either for agriculture or industrial applications, e.g.,

CoNeERTEATE TABLE 1
Process Flow Values at Mantos Blancos Concentration Plant
ORE et I ’
;IRA[TSEHR—. 1 Ww > Inflow(s) and Effluent(s)
- Equipment Purpose % solids* and % solids* Remarks
R Hydrocyclone Fast slurry class-  WW =1 FF=  Particle size distri-
BF EF ification into fine CF= bution in WW can
and coarse Xww = 15-40% Xff=  be partially modi-
GF fractions Xcf=  fied, if necessary
Thickener Separation of EE— S=
> r_—_ settleable BF= R
g particles Xff= Xs=
Xbf= Xr=
7 DUNPING
: $ITE Mixing tank =~ Mixing thickener 3= M=
5 S and hydrocyclone CF=
underflows Xs= Xm=
Xei=
Figure 1. Diagram flow of the recycling water Filter band Solid separation M= BF=
system used at Mantos Blancos copper mine, II by filtration as FC=
Regién, Chile. 1) Concentrating plant. to obtait cake Xbi=
2) Hydrocyclone. 3) Thickener. 4) Mixing tank. with high solid Xf=62-64% Xfc
5) Band filter. 6) Conveyor belt. WW) Discarded Contoni
tailings. FF) Fine fraction. CF) Coarse fraction.
S) Sludge. M) Sludge. BF) Band filter. F) Filter * Blank spaces must be filled in by students.

cake. R) Recycled water.
Winter, 1992
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ore leaching. Therefore, municipal wastewater can
be treated by this relatively inexpensive method in
places where both low cost land and high solar irra-
diation are available.®

Since continuous reactors and stabilization ponds
operate similarly, the latter are also known as
bioreactors. Thus, the same efficiency concept and
equations studied during the reactor design course
can be applied to bioreactors.

Organic matter in raw wastewater is a complex
mixture of different chemicals and microorganisms.
Therefore, it is necessary to find a single variable or
index in order to use a single kinetic expression
properly, either for total biodegradable organic mat-
ter or microorganisms population. Examples of these
indexes are Total Coliform Bacteria per 100 ml of
water (TCB) and Biochemical Oxygen Demand
(BOD). The latter indicates the total amount of oxy-
gen required for the biological breakdown of carbon-
and nitrogen-containing material, i.e., the amount of
oxygen required to sustain biological activity in an
aerobic pond."”

To better expose the students to wastewater treat-
ment through wastewater stabilization ponds, the
following topics are emphasized:

a. Due to the complexity of the process, a realistic model
must consider that organic matter bioconversion and
microorganism deaths are both linearly dependent on
sunlight intensity, and also that the kinetics of the
process can be expressed as -dA/dt = k*A*I, where A
represents BOD or TCB, I is sunlight intensity, and k is
the temperature-dependent kinetic constant.

b. Since solar energy is absorbed by water, a vertical
temperature profile is reached in the pond. Therefore,
there should be a discussion on how BOD or TCB is
affected by such a temperature profile (assuming that
k has an Arrhenius-type temperature dependency) but
the kinetic expression is not affected by sunlight inten-
sity.

c. An analysis should be made on the assumptions nec-
essary for obtaining a single k value at any place in
the wastewater stabilization pond.

d. If Fick's equation, with analytical solution, is to be
used to account for the overall efficiency, the implicit
assumptions involved in Fick's equation must be ex-
plained. Also, the student should try to answer the
question of what happens with Fick's equation when
a completely mixed or plug reactor is considered.

e. Finally, the class discusses the beneficial uses of water
reclamation in Northern Chile.

Temperature, pH, and absorbance measurements
at different depths and times of the day demonstrate
the complexity of the biological processes occurring

.in a wastewater stabilization pond, and therefore
its modeling. If time and depth are not considered
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during the measurements, a simpler model can be
reached.

In topics a and b above, the discussion is cen-
tered on the need to work out mass and heat trans-
fer equations simultaneously, including velocity
terms and using the assumptions required. Further-
more, the proposed analytical form for dA/dt can be
questioned since organic matter can also be degraded
by anaerobic bacterial activity and TCB can also
decrease by changes in pH. A discussion on the clas-
sical dispersion model for a non-ideal reactor is in-
volved in topics ¢ and d, but using the wastewater-
stabilization-pond terminology.

As a result of these exercises and discussions, the
students achieve a straightforward understanding
of the basic operating principles of wastewater stabi-
lization ponds. In addition, they are able to practice
key kinetic reactor concepts with a minimum addi-
tional academic load. Example 2 is complemented by
afield trip to the Universidad de Antofagasta's waste-
water stabilization pond pilot plant. Finally, a simi-
lar discussion can be carried out on activated sludge
as an alternative process where oxygen concentra-
tion replaces sunlight intensity in the analysis.

CONCLUSION

Water treatment subjects can be successfully in-
troduced in the core chemical engineering courses as
practical examples of standard concepts. It requires
a coordinated effort in several courses in order to
discuss similar wastewater aspects through various
approaches.

The students can obtain a critical view of water
treatment processes for recycling purposes through
field trips, where real processes are seen in action.

Introducing wastewater treatment subjects in
the chemical engineering curriculum provides direct
access to biotechnological and ethical issues. The
students are exposed to environmentally related is-
sues and treatment alternatives which require an
interdisciplinary approach in both industrial and
academic research.
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LANGMUIR'S ISOTHERM:

Kinetics or Thermodynamics?

Dear Sir:

The Langmuir isotherm for adsorption equilibrium of
m solutes is of the form

ac, '
1+ Zb.c‘
i=1 11

where the g, and c, are the concentrations of the solutes i
on the adsorbent and in the fluid phase, respectively, and
the a, and b, are constant coefficients. Langmuir''! derived
his equation in 1916 with a kinetic argument: that the
rates of adsorption and desorption must be equal at equi-
librium.

To this day almost every textbook follows his reason-
ing, even though it does not stand up too well to close
scrutiny. It postulates the adsorption rate to be propor-
tional to the concentration of the solute in the fluid phase
and the unoccupied surface area; and the desorption rate
to the amount adsorbed.

While this is plausible, there is no proof. Also, in real-
ity, adsorption and desorption rates often are controlled
by mass transfer and so may obey different laws. The
derivation should therefore retreat to declaring its rates
as only those of attachment to and detachment from the
surface,” and even then the rate law may differ if attach-
ment and detachment were to involve more than a single
step.

More seriously, where Langmuir's equation is not
obeyed, do we really believe the deviation is caused by a
kinetic anomaly? Lastly, have we not warned our students
on other occasions that intermingling kinetic and equilib-
rium arguments is fraught with pitfalls?

Although its original derivation is shaky, the Langmuir
isotherm has proved to be more successful than any other
of comparable simplicity. So why not show our students a
derivation that is more convincing and free of merely
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plausible assumptions?

The isotherm describes adsorption equilibrium, and
the finest tool we have for equilibria is thermodynamics.
We used thermodynamics to derive the mass-action law.
To recapitulate: The Gibbs free energy of a (closed) system
is a function only of temperature, pressure, and conver-
sion and is at its minimum at equilibrium; with m partici-
pants, stoichiometric coefficients v, and at constant tem-
perature and pressure

m
aev Ot e
dG—izzl - dn, =0 @)

at equilibrium, where n, is the number of moles of species
i. Introducing the chemical potential . and its concentra-
tion dependence

G,
on.
1

=i, =H; +RT {nc,

provided the system is ideal (activities equal concentra-
tions). The reaction stoichiometry requires
dn. ocv.
1 1
so that

m m m

Yvi, =Y vu+RT Y (v, fnc;)=0

a=1! i=1 1=
at equilibrium. Since the term involving the standard
potential, u, is constant

Il v

[1c i =K=const. (3)
=1

at equilibrium. This is the mass-action law, with K as the
equilibrium constant.

Nowhere in this derivation was it necessary to assume
chemical bonds to be formed or broken, or even to identify
the participants as molecules or chemical species. The
derivation covers any kind of process in which something
is changed into something thermodynamically distinguish-
able. Its result can therefore be applied to adsorption as
well, and it yields the Langmuir isotherm.

An easy way of showing the long-known mathematical
equivalence of the mass-action law and Langmuir iso-
therm is as follows. For the reversible "reaction" of a
solute molecule j with free adsorbent surface to form occu-
pied surface, the mass-action law gives

6;

efreec j
where the free and occupied surface are expressed as
fractions 6 of total surface. Also

=K ;=const. (4)

m
efree =1- ‘zei (5)
i=1
From Eq. (4)
oo gl ©
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Continued on page 51.
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