
COLLOID AND SURFACE SCIENCE 

JOHN F. SCAMEHORN 
University of Oklahoma 
Norman, OK 73019 

APPLICATIONS OF COLLOID and surface phe-
nomena in chemical engineering are becoming 

increasingly abundant. In the search for new 
technologies to solve pressing problems, such 
techniques as enhanced oil recovery by surfactant 
flooding, micellar catalysis, and surfactant-based 
separation techniques have emerged. Traditional 
technologies using surface and colloid science 
have aroused new research interest: examples 
are adsorption, detergency, and flotation. 

The course discussed here was designed to 
cover a wide range of some of the more important 
topics in colloid and surface science (see Table 1). 
Obviously, in covering this many topics, a great 
deal of depth could not be attained, but when the 
students finish the course they have a working 
familiarity with a wide range of phenomena and a 
quantitative knowledge of the more important 
mathematical relationships in the field. Since tra­
ditional chemical engineering courses essentially 
ignore surface and colloid phenomena, the in­
structor has to assume he is starting from ground­
level in almost all of these topics. 

This course was designed for chemical engi­
neers, chemists, and petroleum engineers. A typi­
cal breakdown of enrollment by the three cate­
gories is 70%, 20%, and 10%, respectively. The 
only prerequisite is chemical thermodynamics 
(either physical chemistry or chemical engineer­
ing thermodynamics). The mixture of students 
from different disciplines brings breadth to class­
room discussions and forces the instructor to 
search for examples of applications which are out­
side of his immediate interests. 

TEXTBOOK SELECTION 

. Unfortunately, there is no single textbook 
which covers both surface and colloid science 
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sufficiently well to be a basis for this course. 
Therefore, required texts for the course are 
Physical Chemistry of Surfaces, by Adamson [1], 
for surface science, and Surfactants and Inter­
facial Phenomena, by Rosen [2], for colloid science. 
Numerous handouts and references are also used. 

COURSE DESCRIPTION 

As seen in Table 1, the first four major topics 
are related to surface phenomena. Adamson [1] 
is used in this part of the course, more as a ref er­
ence than as a textbook. 

First, considerable effort is expended in ex­
plaining the physical causes of surface tension, 
since this is critical to future topics. One useful 
example is to consider the creation of a vapor­
liquid interface as the reduction of the number of 
nearest neighbors to a surface molecule in the 
liquid from six to five. The surface tension per 
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unit area is then approximated as one-sixth of 
the heat of vaporization of the surface molecules 
occupying a unit area. Viewing the creation of 
a surface as "fractional vaporization" provides 
physical insight to the reason surface tensions 
exist, and the crude calculation actually gives 
values for surface tension within a factor of two 
of the correct value. Demonstration of the actual 
measurement of surface tension in the instructor's 
lab also reinforces the concept that it takes work 
or energy to create a surface. Using a Du-Noiiy 
ring tensiometer, the students can see the surface 
stretch under stress before breaking. 

One of the greatest weaknesses of Adamson 
[l J is the treatment of surface thermodynamics. 
The derivations are generally not rigorous and 
are often obscure. Therefore, the instructor 
basically needs to derive fundamental thermo­
dynamic relationships (like the Kelvin equation 
and the Gibbs equation) from scratch. The power 
of the Gibbs equation and the importance of the 
definition of the dividing surface can be illustrated 
by a calculation of monolayer coverage of a sur­
factant from dilute solution from surface tension 

... when the students finish the 
course they have a working familiarity 

with a wide range of phenomena and a quantitative 
knowledge of the more important mathematical 

relationships in the field. 

data. 
When covering the third major topic, adsorp­

tion, the basic difference between localized and 
mobile adsorption must be emphasized. Inter-­
converting 2-D equations of state and mobile ad­
sorption isotherms using the Gibbs equation il­
lustrates this point. Hiemenz [3] is a useful refer­
ence concerning the electrical double layer. 

At this point in the course (about half-way 
through), the student has seen mostly theory and 
is wondering about the usefulness of the material. 
Even though applications are in a separate section 
at the end of the course, to complete the ad­
sorption topic, adsorber design is discussed. First, 
practical guidelines for selection of industrial ad­
sorbents for various applications are given. Then 
some complications of adsorber design are touched 

TABLE 1 
Course Outline 

1. CAPILLARITY 5. MICELLE FORMATION 
• Definition and Reason for the Existence of Surface • Classes of Surfactants 

Tensions • Micelle Structure 
• Laplace Equation • CMC Determination 
• Capillary Rise Phenomena • Mass-Action Model 
• Measurement of Surface Tension • Pseudo-Phase Separation Model 

2. SURFACE THERMODYNAMICS 
• Shinoda Equation 

• Surface Thermodynamic Properties 6. SOLUBILIZATION IN MICELLES 
• Kelvin Equation • Locations of Solubilizate in Micelles 
• Criterion of Equilibrium in Systems with Interfaces • Driving Forces for Solubilization 
• Dividing Surface • Measurement of Solubilization 
• Definition of Adsorption or Surface Excess 
• Gibbs Equation 7. EMULSIONS 
• Monolayer Coverage at the Air-Water Interface • Mechanisms of Stabilization 

3. ADSORPTION 
• Localized vs. Mobile Adsorption 
• Langmuir Adsorption Isotherm 

• Bancroft Rule 
• HLBNumber 
• Breaking Emulsions 

• BET Adsorption Isotherm 8. FOAMS 
• 2-D Equations of State 
• Potential Theory 
• Adsorption from. Solution 
• Electrical Diffuse Double Layer 
• Debye-Hiickel Theory and Debye Length 

• Gibbs Triangle 
• Mechanisms of Film Elasticity 
• Mechanisms of Foam Draina.ge 
• Foam Breaking and Inhibiting 

• Stern Layer 9. APPLICATIONS 
• Practical Applications and Adsorber Design • Enhanced Oil Recovery by Surfactant Flooding 

4. CONTACT ANGLE • Detergency 

• Young Equation 
• Measurement of Ccmt;i,ct Angl~ 

• Marangoni Effects 
• Novel Separation Techniques Using Surfactants 
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on : the mass-transfer zone, bed heat-up due to 
heat of adsorption, and bed regeneration. 
Examples of applications using activated carbon, 
silica gel, and ion-exchange resin are given. 
Handouts and suggested reading material supple­
ment lectures on design of adsorbers [4-7]. 

In covering the topic of contact angles, the 
reasons that advancing and receding contact 
angles may differ are explored. The physical mean­
ing of the Young equation in terms of the surface 
tensions involved is emphasized. 

Topics 5-7 are in the area of colloid science. 
Rosen [2] is used as the text. It is easy to read and 
is well organized, and the text is followed much 
more closely in this section of the course than in 
the surface science section. 

In the consideration of micelle formation, the 
variety of surfactants available is discussed, and 
the value of McCutcheons' [8] in finding suppliers 
of a certain type of detergent is stressed. The 
various methods of CMC determination help il­
lustrate the properties of solutions containing 
micelles and lead naturally into a discussion of 
the mass-action and pseudo-phase separation 
models of micelle formation. The fact that these 
models coincide for large enough micellar aggre­
gation numbers is stressed. The iceberg structure 
of water around hydrocarbon chains in solution 
causing the micelle formation to be entropy­
driven and the subsequent concept of hydrophobic 
bonds is then considered in the context of micellar 
thermodynamics. The effect of electrolyte con­
centration and hydrocarbon chain length on the 
CMC is shown to be described by the Shinoda 
equation [9] . The value of Mukerjee and Mysels 
[10] as the standard reference for literature CMC 
values is useful to point out. Krafft temperature, 
cloud point, and liquid crystals are briefly dis­
cussed to show that there are limits to conditions 
resulting in the isotropic regions where micelles 
form in surfactant solutions. 

Under the topic of solubilization, the wide­
spread use of Henry's law to extrapolate solubiliza­
tions measured at unit activity using the maxi­
mum additivity method is discussed. This is 
followed by consideration of deviations from 
Henry's law and methods of measurement of 
solubilization (vapor pressure, osmometry, vapor 
phase UV, vapor phase GC, ultrafiltration) over 
the entire concentration range. The importance of 
solubilization in such applications as detergency 
is worth mentioning. 

In discussions of emulsions, the origins of 
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barriers to emulsion breaking are described. The 
guidelines for the selection of surfactant by HLB 
Number and tabulations of this value in Mc­
Cutcheons' [8] for commercial surfactants are em­
phasized. The importance of emulsions to chemical 
and petroleum engineering operations is illustrated 
by examples such as the severe problem of separat­
ing oils recovered by tertiary methods from pro­
duced water in the field because of emulsion for­
mation. The existence of emulsions in everyday 
life in products such as milk and paint helps the 
student feel more comfortable with the phe­
nomena. The fact that emulsions are not thermo­
dynamically stable is heavily emphasized. How­
ever, it must be mentioned that the so-called 
"microemulsions" used in surfactant flooding can 
be considered as a thermodynamic phase. 

The fact that foams are not thermodynamically 
stable is also stressed : that foams are sometimes 
desirable (detergents) and sometimes undesirable 
( causing entrainment in distillation columns) is 
important to note. New applications of foams, 
such as in enhanced oil recovery for mobility 
control or foam fractionation, point out their im­
portance. 

The applications portion of the course is de­
signed to show how important the phenomena 
discussed are and to illustrate that many of them 
can be occurring at the same time and have com­
plex interactions. The various methods of EOR 
are first outlined (aided by a handout from 
Exxon [11]) , and the mechanisms by which they 
function are discussed. Then surfactant flooding 
is focused on. Theories to explain the ultralow 
interfacial tensions present in these systems pro­
vide an opportunity to explore some subtleties of 
interfacial tension, surface thermodynamics, 
solubilization, and emulsion stability. Adsorption 
of surfactants on minerals and precipitation 
neatly show the tie between surface science and 
colloid science. A discussion of the state-of-the-art 
and the major remaining problems to be solved 
in this technology are complimented by an outline 
of the instructor's approach to solving these prob­
lems. A tour of the instructor's research lab where 
the students can observe such things as middle 
phases, surfactant precipitate, and cloud points 
brings home the applications of the course to 
EOR. 

Detergency also involves both surface science 
(surfactant adsorption on fabrics) and colloid 
science (solubilization). In addition, the rollback 
mechanism of oil r emoval from fabrics provides 
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a practical example of contact angles and wetting. 
Until this point in the course, equilibrium phe­
nomena have been almost exclusively considered. 
A discussion of Marangoni effects demonstrates 
non-equilibrium surface tension effects. A non­
mathematical article on tears which form on the 
inside of a glass of wine [12] is supplemented by 
passing around a wine glass containing vodka so 
the student can see the tears form. The reduction 
in liquid level in the glass after being passed 
around the class can not always be accounted for 
solely by evaporation. This practical demonstra­
tion of Marangoni effects is always popular. 

The course is completed by discussion of a 
favorite research topic of the lecturer: separation 
techniques using surfactants. Among those dis­
cussed are foam fractionation and micellar en­
hanced ultrafiltration. Since the majority of the 
class is composed of chemical engineers, these 
novel applications of colloid science to replace 
classical separation techniques illustrate the value 
of colloid science. 

STUDENT COMMENTS 

In general, the students liked the relatively 
high fraction of course content dedicated to 
practical applications. They also liked the constant 
emphasis on the physical significance of the ma­
terial. They appreciated the fact that the mathe­
matical content of the course was kept to a level 
such that physical reality was not obscured. 

The students had two main complaints : they 
did not like Adamson as a text, and they found sur­
face thermodynamics to be less interesting than 
the rest of the course. However, most of them 
recognized the future value of Adamson as a 
reference book and also realized the necessity of 
a firm grounding in surface thermodynamics for 
the later topics covered. 

GENERAL COMMENTS 

Teaching both surface and colloid science in 
a single course is a challenging task. Some de­
partments choose to cover surface science in detail 
with a more mathematical orientation and a 
mention of colloidal phenomena in passing. In 
order to learn surfactant science, another course 
is needed. The dedication of two courses to this 
area is not always possible or desirable (par" 
ticularly for the MS student). This course was 
developed as an attempt to integrate the basics 
from both surface science and colloid science into 
one course. Response from former students in in­
dustry concerning the value of the material learned 
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indicates that the course fulfills a need. • 
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