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NOVEL CONCEPTS FOR TEACHING 
PARTICLE TECHNOLOGY 
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Particle technology is an interdisciplinary subject deal
ing with disperse systems, including all types of solid 
particles (aerosols, suspensions), liquid particles (drop

lets, emulsions), and gaseous particles (bubbles). The main 
focus of our current research and curriculum, however, is on 
solid particles. 

The goal of particle technology is producing and handling 
disperse materials under economical and ecological con
straints. The materials are produced due to a surplus value of 
the product properties. Typical examples for these properties 
are the taste of chocolate, the color of pigments, the strength 
of concrete, or the electrical properties of semiconductors. 
Consequently, this is also a key point in our curriculum. 

In order to prepare a young engineer for his possible tasks 
in industry and research, we have organized the curriculum 
to reflect the structure of the field (see Figure 1). The field 
can be structured generally in four levels. The first and most 
fundamental level covers the elementary processes, i.e., the 
physical fundamentals. They include the statistical founda
tions of particle technology, multiphase flow, bulk mechan
ics and powder flow, interfacial phenomena, and the interac
tions of dispersed matter with electromagnetic radiation. On 
the second level , we apply the fundamentals to machines and 
unit operations. In our curriculum, we concentrate on separa
tion processes, further strengthening students' capabilities in 
multiphase flow phenomena. The third level considers whole 
processes. Here, we teach the concept of product engineering, 
i.e., how to tailor product properties. Consequently, we have a 
close link to the applications, which are actually very broad: 

• Materials science (e.g., all ceramics manufacturing is in 
fact applied particle technology) 

• Life science (e.g. , proteins may be treated as small 
particles in some respects , drug delivery) 

• Information technology (e.g., quantum dots, clean room 
technology, chemical mechanical polishing) 

• Environmental engineering (e.g., particle separation) 

How can the new areas be included in the 
curriculum without disregarding the conven
tional ones? In our opinion, the only answer 

is that teaching the fundamentals is even 
more important, but the examples given 

to the students should change. 

Traditionally, chemical engineering has been taught in 
Germany using the unit-operations concept. In most univer
sities, teaching particle technology has followed the concept 
of Hans Rumpf, who stressed the physical fundamentals in 
the basic course, which is followed by courses in agglomera
tion, solid-liquid separation, or particle characterization, to 
name just a few. Unfortunately, in the USA particle technol
ogy is taught extensively in only a few universities. Students 
learn how to design machines and processes that either keep 
the particle size constant (i.e., separation, mixing) or change 
the particle size (i.e., size reduction and size enlargement). In 
the past, only mechanical means to produce and handle par-
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tides were considered; therefore, particles larger than approxi
mately lµm were mainly dealt with while the non-mechani
cal methods of particle synthesis (e.g., crystallization, gas 
phase processes) that lead to submicron particles were ne
glected. 

By introducing product properties, we address the overall 
goal of a chemjcal process, i. e., the production of well-de
fined product properties under economical and ecological 
constraints. The concept of product engineering transcends 
educational traditions and recognizes the end value of deal-
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Figure 1. Structure of particle technology curriculum and 
courses offered at Munich University of Technology. 
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Figure 2. Property functions of a typical pigment. 
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ing with process technology, i.e., the product property. Al
though this point of view is not new, it is largely neglected in 
the curriculum. Rumpf1 11 coined the expression "property 
function" for the end-product qualities as well as handling 
characteristics. The property function is defined as 

Product property= F( disperse properties and microstruc
ture, chemical composition) 

Disperse properties are particle-size distribution, particle 
shape, particle morphology, and particle-surface characteris
tics. As an example, Figure 2 shows the product quality of a 
pigment (in this case the color strength per unit mass of pig
ments) that improves with decreasing particle diameter. The 
yield stress of the powder, as an important handling property, 
also increases with smaller particles, indicating prohibitive 
high resistance against powder flow. Obviously, there exists 
an optimum where both product and handling quality are ac
ceptable. One solution to thjs problem may be to optimize 
powder formulation allowing both high product quality and 
acceptable handling properties. Of course, there are many 
other end-product qualities, such as taste (e.g., of chocolate), 
strength (e.g., of concrete), activity (e.g., of a catalyst or a 
drug), or the band gap (e.g., of a nanocrystalline semjcon
ductor) . Typical handling characteristics are flowability, dust 
development, filtration resistance, ri sk of explosion, and 
abrasiveness, to name only a few. Polke and Krekel121 intro
duced the term "process function" to relate the disperse prop
erties of the product to the production process and the educts 

Disperse properties = F(process parameters, educts) 

Process parameters include the types of machines and urut 
operations as well as their interconnection, the operational 
parameters. The art of chemical engineering in this context 
involves designing the best process for producing the correct 
djspersed properties, leading to the desired product quality 
with a minimum of costs, including environmental costs. 
This way, the product would achieve the highest profit 
since it is the most competitive. Our point of view in
cludes both the economical aspects and a global perspec
tive of environmental responsibility. 

EDUCATION IN PARTICLE TECHNOLOGY 
ATTU MUNICH 

Teaching Concept and New Topics 

The particle technology courses are a part of the chemical 
engineering and process engineering ("Verfahrenstechnik" in 
German) curricula at the Munich University of Technology. 
On one hand, the traditional education of chemical engineers 
prepares students for well-known applications such as the 
design of cyclones or heat exchangers, but many of the tradi
tional applications have reached the point where their eco
nomic success is decreasing. On the other hand, new oppor
tunities are evolving in areas that are less farruliar to engi
neers, e.g., information technology or various aspects of ma-
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terials science. The question is: How can the new areas 
be included in the curriculum without disregarding the 
conventional ones? In our opinion, the only answer is 
that teaching the fundamentals is even more important, 
but the examples given to the students should changeP·41 

In Figure 3, our approach is shown schematically. We 
explain the whole picture to the students by showing 
them the progression from molecular precursors to the 
whole process, which actually covers many orders of 
magnitude in both geometrical dimensions and time 
scale. In other words, we pave the way from feed mate
rials to end-product properties-this is the horizontal line. 
In the vertical, depth is gained by explaining certain as
pects in a detailed way. By reflecting the first three lev
els of Figure 1, we stress particulate interfaces (funda
mental level) since we believe that this aspect has not 
been sufficiently covered in the past. Moreover, with the 
advent of nanotechnology, interfacial aspects have be
come increasingly important. The second level , compris
ing unit operations, is handled in a more-or-less tradi
tional way, although new aspects such as CFD model
ing are included. On the process level, disperse systems 
have to be treated mathematically by means of population 
balance equations, which have so far not been covered in 
traditional particle technology curricula. 

Courses 

The courses are organized into three levels. The first 
and most fundamental level comprises a two-semester 
course in "Fundamentals of Particle Technology" (see 
Figure 4). In this course, the important foundations (rang
ing from statistics, motion of particles in fluids, fracture 
mechanics, to dimensional analysis) and their implica
tion in mechanical process engineering are covered. In 
addition, new elements such as population balances 
(which are increasingly used in industry) and interfacial 
phenomena are introduced. The latter comprise the fun
damentals of interactions between molecules and par
ticles, characterization of particulate interfaces and as
pects of nanoparticle technology (e.g., coagulation and 
stabilization of colloidal suspensions). 

The second level stresses unit operations. Here, we 
concentrate on "Particle Separation" (see Figure 5). This 
course is principally organized in the traditional way, 
focusing on separation of particles from gases as well as 
solid-liquid separation. Different unit operations in gas
solid separation are introduced systematically by focus
ing on common principles, i.e., on transport mechanisms 
of particles to the collecting surfaces of the respective 
separators. In this way, various unit operations are treated 
very efficiently, which allows for introduction of new, 
modem methods such as CFD and its use for optimizing 
such apparatuses. We also offer a complementary course 

274 

Statistical 
Foundations 

- size distributions 
- population balances 

- separation 
- mixing 

Multiphase 
Flow 

- particle tracking 
- separation / classification 
- packed and fluidized beds 

- pneumatic conveying 

Property 
Function 

Bulk Mechanics 

Particle 
Characterisation 

- interaction 
with radiation 

Interfaces 

- molecular interactions 
- adhesive forces 

- wetting and capillarity 
- nucleation 

- colloids/ DLVO 

- friction and adhesion 
- storage and powder flow 

- agglomeration 

Figure 4. Fundamentals of Particle Technology course 
(particle characterization included in separate course). 

Gas - solid separation 
(dilute systems) 

Fundamentals: 
CFO and particle tracking 

• 

Solid - liquid separation 
(dense systems) 

• suspension rheology 

• sedimentation 
• filtration 
• flocculation 

Figure 5. Particle Separation course. 

) Particle productiory )structure fo~!) ~ 
process design 

top down 
- grinding 
- classification 

bottom up 
- gas phase synthesis 
- crystallization 

consolidation 

property function 

particle size and shape color 

crystallinity taste 

particle surface strength 

particulate systems 
(agglomerates, thin films ... ) 

Figure 6. Product Engineering course. 

Chemical Engineering Education 



sampling 

l 
transport 

l 
Measurement 

System 

system 
dynamics 

• relevant physics, 
constituing equations, 
assumptions 

• realization: 
arrangement, 
sensor & signal 

• how to calculate property 
distribution?(-> inversion) 

• derive capability and limits 
of method 

• practical aspects 

Figure 7. Particle Characterization course. 

C 
promoting ti .9 

C 
.l:I '1G understanding of a, Q; 

E .! ·u 
'C ii 'i: principles and ., 
Q; :, a. I( 1: system .GI > I .a intercorrelations .!! 

ca 

physical-chemical 

foundation 

Figure 8. Methodological approach. 

Technical Skills 

Soft Skills 

Figure 9. Integrated approach of university education. 

Fall 2002 

dealing with "Downstream Processing of Biotechnologi
cal Products" that focuses primarily on different unit op
erations for separation, disintegration, and purification of 
bioproducts as well as their interactions in the whole pro
duction process. In several aspects, bioproducts such as 
proteins can be regarded as nanoparticles, although the lim
its of this point of view should be kept in mind. 

A completely new course is being offered in product en
gineering (see Figure 6). The key question is how to pro
duce the physical properties that define the product prop
erty, from the point of view of both handling and applica
tion. Examples for property functions are presented to
gether with various methods for producing the particles 
(e.g., comminution and classification, gas phase synthesis 
of nanoparticles, crystallization, and precipitation). Han
dling and formulation topics round out this course. The 
students learn key concepts for formation of structured 
solids, product design, and powder processing systems. In 
this context, the systems engineering approach is impor
tant. There is also a course in particle characterization that 
teaches the main principles in characterizing particle prop
erties, e.g., concentration, size, shape, surface, and zeta 
potential (see Figure 7). The purpose of this course is to 
enable the students to choose an appropriate setup for ar
bitrary particle characterization tasks. This is accomplished 
by emphasizing the basic aspects of a measuring technique 
(e.g., physical principle, signal recording, conditioning, and 
evaluation) as well as a complete measurement system (in
cluding sampling, transport, and preconditioning). These 
principles are explained in conjunction with a choice of 
the most important measurement techniques. 

Whereas Fundamentals of Particle Technology I and II 
are mandatory for all chemical engineering students, Par
ticle Separation is one of a group of three courses (together 
with Process and Plant Design and Design of Thermal Pro
cesses) from which the students must choose two. The re
maining courses are elective. 

Methodology and Didactics 

The course in particle technology follows several guide
lines: 

• The key item is the product property approach, i.e. , 
particles have physical properties such as particle 
size distribution, particle shape, or particle morphol
ogy that are closely related to product properties. 

• Although it is difficult to describe complete process 
chains, we enhance the student's awareness of the 
complete process. 

From a methodological point of view, we believe that teach
ing should follow a double-tracked approach. On one hand, 
the teacher should stress the important physical founda
tions, since excellent skills in the fundamental principles 
will be essential for the students throughout their studies 
and their professional lives. This implies that a large num-
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ber of facts have to be taught, thus assigning an important 
role to the teacher. On the other hand, to promote the stu
dents' understanding of the underlying principles as well as 
to sharpen their view of the complete process, active learn
ing appears to be a key issue.13·5-61 We try to support this ac
tive learning in different ways (see Figure 8) . 

Lab and virtual experiments are conducted so that students 
can apply and transfer their acquired knowledge and get in
volved with more realistic problems. This is accomplished 
by a mandatory lab course (one semester) as well as lab com
ponents that are integrated into the courses described above. 
The lab experiments include a wide field of exemplary tasks 
that include, for example, dust separation in cyclones, filtra
tion, mixing, and particle characterization by laser diffrac
tion as well as the investigation of the stability of colloidal 
suspensions by dynamic light scattering. Furthermore, a com
pletely new virtual lab is currently being established in the 
course Product Engineering, with computer simulations of 
disperse systems (e.g. , crystallization, comrninution) based 
on population balances using commercial software (e.g., 
LabView and Parsival) . 

We also encourage the students to take an active role 
throughout the courses wherever it is appropriate, for example, 
in the particle characterization course. After introducing the 
basic principles and the important characteristics of a mea
surement systems (e.g., assessed equivalent particle size, sig
nal recording, conditioning and evaluation, necessary sample 
preparation, etc.) as well as discussing their application to 
the most important measurement techniques, the students are 
arranged in small groups. Each group is then assigned the 
task of analyzing one measurement technique that is so far 
unknown to them. They also have to prepare a presentation 
of their results that will relay the most important facts to their 
fellow students. The groups are supposed to work autono
mously, with the teacher playing a more passive role and only 
giving guidelines or help when asked. In this way, several 
goals can be achieved. 

• The students work and access information autonomously, 
e.g., from literature in a foreign language. 

• The group work necessitates that students find their roles 
in a group and work together productively.111 

• Finally, the students are given the chance to prepare and 
give a presentation. Even listening and assessing the 
presentation of other groups increases their ability in this 
respect. This is a capabi lity that is not practiced 
enough.181 

By actively preparing a small part of the course, the stu
dents not only acquire valuable technical knowledge, but they 
also get a chance to increase their "soft skills." Personal de
velopment is often neglected in a university education. Stu
dents should concentrate on both their technical skills and 
their personal growth (see Figure 9). This includes an ability 
for self-organization and focusing on defined targets, intrin-
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sic motivation to reach goals, and an ability to communicate 
results . On a deeper level, internal self-reflection is indis
pensable for accepting personal strengths and weaknesses as 
well as those of others. This is a precondition for all social skills. 

CONCLUSIONS 
Particle technology is a much wider field than many people 

realize since it also comprises biochemical , chemical, and 
thermal processes dealing with particles. Hence, it is not only 
of the utmost importance in the chemical industry, where about 
60-70% of all products are fabricated in dispersed form, but 
also for a number of other fields, such as materials science 
and information technology. Product properties and the sub
sequently developed product engineering approach is at the 
center of our considerations. With a continuously growing 
number of applications for dispersed systems, we feel a need 
to stress the fundamental aspects even more. With the gen
erally observed trend toward finer particle sizes, new topics 
such as particle interactions and population dynamics have 
been included in order to prepare our students for newly de
veloping areas such as nanotechnology. The technical courses 
are complemented by various activities to strengthen the soft 
skills of the students. 

Recently, suggestions have been made by Cussler, et al. ,[91 

on how to change chemical engineering curriculae. Consid
ering the shift in industrial practice from large-scale processes 
producing commodities toward more specialized product 
design , we feel that particle technology and particle design 
methods deserve a prominent place in the curriculum. 
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