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KEY DEVELOPMENTS IN 2003 
 
New organization 
 
The Danish Polymer Centre (DPC) was 
created in October 1999 as a formal 
cooperation between Risø National 
Laboratory and the Technical University of 
Denmark (DTU). In connection with the 
creation of the DPC, first class polymer 
laboratories were established in Building 
423 on the DTU campus. Equipped with 
state of the art instrumentation for polymer 
characterization, these laboratories provide 
a common ground for polymer chemists, 
polymer physicists, chemical engineers 
and mechanical engineers. The DPC was 
headed by Professor Klaus Bechgaard 
from Risø National Laboratory from 
January 2002 to September 2003. 
 
In September a reorganization of the DPC 
construction was implemented. At the 
DTU, the Department of Chemical 
Engineering (KT) and the Department of 
Manufacturing Engineering and 
Management (IPL) created the DPC.DTU 
as a centre for polymer education and 
research. Located in the laboratories in 
building 423 at DTU, the DPC.DTU 
continues to provide a link between 
polymer activities at the DTU and Risø. 
Since its creation, the DPC.DTU has been 
headed by Professor Ole Hassager from 
KT at DTU. 
 
International Master of Polymer 
Engineering and Science 
 
In September 2003 the DTU created a two 
year M.Sc. program in polymer 
engineering and science for international 

students. The program is aimed at talented 
students who hold at least a Batchelor of 
Science degree in chemistry, chemical 
engineering, mechanical engineering or 
other relevant field.  
 
A total of 7 active students are currently 
enrolled in the program, four of these with 
stipends provided by Danish industrial 
companies. The international students form 
an active group at the polymer centre. 
Measured in terms of student activity the 
polymer students are rated among the best 
within the 13 DTU international M.Sc. 
programs. 
 
Graduate School of Polymer Science 
 
Initiated ultimo 2003, the Graduate School 
of Polymer Science is a research education 
network between DPC.DTU, the 
Department of Chemistry at Aarhus 
University and Risø National Laboratory. 
Associated industrial companies include 
Coloplast A/S, Novo Nordisk A/S, NKT 
Research & Innovation A/S, and Elektro-
Isola A/S. The school is supported by the 
Danish Research Training Council. 
This school provides a logical framework 
for continuation of the joint activities of 
the Danish Polymer Centre initiated in 
1999. Beginning 2004, the graduate school 
has 15 Ph.D. students, 3 of which are 
partly supported by the grant from the 
Danish Research Training Council.     
 
 



  
STATUS DECEMBER 2003 

Staff 
 
In December 2003 the DPC.DTU included 
10 scientific staff members, 2.6 technical 
staff and 9 Ph.D. students. This level is 
reduced compared to the situation that 
existed during the STVF-grant to the 
Danish Polymer Centre that ended in 
September 2003 . However, primarily due 
to the implementation of the Graduate  
 

 
 
School of Polymer Science, the total 
DPC.DTU staff is expected to increase in 
the years ahead. At the same time, the 
composition of the staff will reflect the 
strong emphasis on education of 
researchers inherent in the Graduate 
School. 
 

 

 
ult. 
2001 

ult. 
2002 ult 2003 

ult. 
2004 ult.2005 

Scientific staff      
DTU funded 8 8 7 6 7 
Externally funded 4 4 3 2 1 
      
Technical staff      
DTU funded 3.6 3.6 2.6 2.6 2.6 
Externally funded 1 1    
      
Ph.D. Students 9 11 9 12 14 
Total: 25.6 27.6 21.6 22.6 24.6 

 
Table 1: DPC.DTU staff in December 2003 (ult. 2003). For comparison, numbers for 2001 

and 2002 as well as estimates for are included 
 

 
Research 
 
In 2003 a total of 16 articles have been 
published in international journals with 
peer review. Also 6 reviewed conference 
proceedings and one book chapter have 
been published. The fields range broadly 
within polymer chemistry, polymer 
physics, polymer materials science and 
polymer processing. In order to relate the 
field of polymers to the Danish society, 4 
articles have been prepared for publication 
in popular science related journals (in 
Danish) and accepted.  
 
Two key stories that exemplify ongoing 
areas of research are included in this 
report. One story concerns the 
considerations involved in the replication 

of surface microstructures in injection 
moulding. Another story reports on new 
developments in the design, synthesis and 
characterization of nano-porous materials.     
 

 
 
Figure 1: Laboratory technician Kim Chi 
Szabo preparing differential scanning 
calorimetry. (photo by Klaus Holsting). 



Education 
 
19 candidates have finished their education 
in 2003. These are distributed with 11 
B.Sc. theses, 6 M.Sc. theses and 2 Pd.D. 
theses. An increase in especially M.Sc. 
theses is expected from 2005 due to the 
full implementation of the International 
Master of Polymer Engineering and 
Science program. 
 
The courses are organized within the two 
departments as follows: 
 
Department of Chemical Engineering: 

• 28212 Polymer Chemisty (35) 
• 28213 Polymer Technology (27) 
• 28315 Colloid and Surface Science 

(35) 
• 28414 Rheology (8) 
• 28811 Polymers in Processes and 

Products (16) 
 
 
 
 
 

Department of Manufacturing Engineering 
and Management 

• 42230 Polymer Processing (20) 
• 42232 Plastic design (11) 
• 42234 Experimental plastic design 

(11) 
• 42940 Form construction (5) 
• 42946 Polymer extrusion (9) 
• 42937 Experimental polymer 

processing (9) 
The numbers in parentheses indicate 
the student participation (at exams). 

     
  

 
Figure 2: Professor Martin E. Vigild in 
class room action.  (photo by Klaus 
Holsting) 
 

 
 
Editor 
 
The report has been edited by Professor 
Ole Hassager, Department of Chemical 
Engineering, DTU. 

 
Steering group 
The activities in the DPC.DTU are 
administered by a steering group consisting 
of the two department heads.  

 
Professor Kim Dam-Johansen, head 
Department of Chemical Engineering 
Technical University of Denmark 
Building 229 
DK 2800 Kgs. Lyngby 
DENMARK 
 

Professor Leo Alting, head 
Department of Manufacturing Engineering 
and Management, Building 424 
Technical University of Denmark 
DK 2800 Kgs. Lyngby 
DENMARK 

 



Replication of micro surface topography in injection moulding 
 
Micro injection moulding and injection 
moulding with specific surface microstructures 
are novel and important research areas that 
have received substantial focus over the last 
decade. This interest is among other factors 
rooted in the emergence of new technologies 
for mould manufacturing and 
characterisation/visualisation of micro parts 
and features. However, injection moulding 
micro technology is in fact an issue that has 
been around for as long as the injection 
moulding process itself. The appearance of the 
surface is important for most plastic parts, and 
for some, the surface topography is a critical 
quality parameter. Surface topography has an 
important functional impact for products such 
as medical implants, and an aesthetical 
significance for many high-end consumer 
products like TV sets. Hence, the replication of 
a rough tool surface topography onto the 
plastic part surface can be regarded as micro 
technology with scope for analysis and 
optimisation. Conceptually this study of 
“random” microstructure replication is similar 
to the study of replication of specific surface 
microstructures, but a different approach to 
characterisation and analysis is appropriate.  
 
A research project at The Technical University 
of Denmark, The Polymer Centre and 
Department of Manufacturing Engineering and 
Management investigate the mechanisms that 
determine the mould-to-part surface micro 
topography replication quality in injection 
moulding. A primary objective of the project is 
to understand how the choice of plastic 
material and the various injection moulding 
process parameters in concert affect 
replication. Such an understanding will provide 
the basis for optimisation of the surface 
topography of the injection-moulded 
components. The project also addresses 
specific metrological challenges pertinent to 
the injection moulding surface replication 
problem. 
 
The main experimental work is based on 
mould surfaces manufactured with EDM 
(Electrical Discharge Machining) which is a 
process commonly found in the mould making 

industry. In EDM an electrical spark between 
an EDM tool and the work piece melts off 
droplets of material in the work piece surface, 
which are then flushed away. The process 
creates tool surfaces with varying degrees of 
roughness depending the roughness of the 
EDM tool itself and EDM process conditions. 
Injection-moulded plastic parts produced from 
moulds with EDM surfaces are widely found 
in such industries as medical devices, 
consumer electronics, and technical 
components. 
 
In principle many techniques are available for 
3D topographical surface characterisation; 
these include mechanical stylus 
characterisation, laser focus detection, 
scanning electron microscopy, confocal 
microscopy, interference microscopy, and 
atomic force microscopy. A comparative study 
in the context of rough plastic surfaces has 
been carried out for these instruments. The 
study pointed at the laser focus detection 
method as the most appropriate for the case 
and hand, exhibiting qualifying characteristics 
such as non-contact characterisation and large 
ranges both laterally and in the height 
dimension (figure 1). 

 
Figure 1: 3D topography image of PS part. 
 Sq =  4.3 µm; area: 1 x 1 mm 
 
At the most rudimentary level the surface 
topography replication quality can be 
evaluated by applying established 3D 
topography parameters. Specifically, the ratio 
between a 3D topography parameter for an 
injection moulded plastic part surface and the 
corresponding parameter for the inverted 
surface of the mould can be used as an 



indicator of replication quality. Strictly 
speaking, given the nature of topography 
parameters, such a replication quality index 
may not actually describe replication in the 
sense of geometrical similarity very well. 
However, the wide industrial dispersion of the 
established 3D topography parameters in itself 
makes the “parameter transformation” from 
mould to plastic part and important scope of 
study. 
 
Not surprisingly, it has been shown that replication quality 
depends on both plastic material and injection moulding process 
conditions. In general, the choice of plastic material can have a 
somewhat stronger effect on replication than process conditions 
– even at extreme points in the process window (figure 2, 3).  
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Figure 2: Replication quality for different 
materials (typical process conditions). 
 
The practical implication of this is that given a 
certain plastic material, replication quality can 
only be controlled within a relatively tight 
range, while it may be possible to obtain larger 
changes by using a different plastic material. It 
has been found that the developed area ratio, 
Sdr most profoundly indicates changes in 
process conditions for a given plastic material. 
Between different materials, the density of 
summits, Sds, is the parameter that best 
captures topographical changes. For both 
process condition induced and material 
induced replication changes, the widely used 
RMS deviation, Sq reveals topographical 
changes with statistically significance. 
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Figure 3: Replication quality for PP at  
different process conditions 
 
Replication quality appears to be determined 
by a combined effect of material deformation 
in the surface and shrinkage. A complicating 
factor is that the topography itself also affects 
the shrinkage through a mould restraint 
mechanism at the micro level. The deeper 
analysis of process parameter effects on 
replication quality is assisted by the use of 
process simulation with commercial software. 
The simulation does not yield direct results on 
replication, but does provide important 
information on physical conditions like frozen 
layer build-up, that cannot practically be 
determined experimentally. 
 
Currently the project focuses on more 
advanced measures of replication and on more 
extensive statistical analysis of the relationship 
between process parameters and replication 
quality.  
 
Further information: Uffe Arlø Theilade



Nano-porous Materials Based on Polymer Self-assembly 
 
Introduction 

 

Microphase separated structures in block 
copolymers are very interesting in the light of 
nano-technological applications. Structural 
characteristics can be controlled via the 
chemical synthesis of the block copolymer 
molecules. In diblock copolymer systems the 
two chemically different constituents segregate 
into domains, where either one or the other 
block dominates the domian composition. 
These structures can be alternating lamellae for 
polymers with similar block volume fractions, 
or cylindrical or spherical domains of the 
minority blocks in a matrix of the majority 
blocks for asymmetrically composed polymers.  
Removing one domain of the diblock self-
assembled structure will give a nano-porous 
material, which is a central first step towards 
future applications of this class of novel 
materials. Here we report on the quantitative 
etching of the polydimethylsiloxane block in a 
polystyrene-polydimethylsiloxane (PS-PDMS) 
block copolymer. The method is very accurate 
for analytical determination of the PDMS 
content in the samples. Several morphologies 
(templated from self-assembled diblock 
copolymer structures) can be conserved in the 
resulting glassy PS-matrix [1], as ascertained 
by small angle X-ray scattering. We report 
especially on films of milimeter thickness 
containing secluded spherical cavities of nano-
meter diameter.   
         

        PDMS

HF-etching

air     
 
Figure1: Spherical cavities are created from the 
nano-phase separated structure of the block 
copolymer. 
 
Making spherical cavities 
The etching method is based on the removal of 
PDMS by the reaction with an excess of 
anhydrous hydrogen fluoride (HF). Please 
notice precautions [2]! The reaction scheme - 

illustrated in Figure 2 - works well for the 
etching of bulk samples. Percolation of 
the etched microphase to the outer surface 
is not required. Therefore this method 
permits - for the first time - to prepare 
bulk nanoporous polymers of secluded 
spherical voids. The use of anhydrous HF 
is known as an analytical tool for 
determining the composition of 
alkylsiloxanes, but it is not previously 
reported in the context of block 
copolymers. The reaction products as well 
as the excess HF were removed 
afterwards by applying vacuum overnight. 
Here we present the results of a non pre-
oriented block copolymer, PS-PDMS-2, 
of mass fraction of PDMS wPDMS = 0.05, 
number average molar mass Mn = 40 
kg/mol, and polydispersity index PDI = 
1.08. 

m
Si O Si

n

+ 3n HF

Si F

+ n H2O-HF 
+ (n-1) F2Si(CH3)2
+ FSi(CH3)3

m

 
Figure 2: The expected reaction between PS-
PDMS and HF. 
 
Observing spherical cavities 
Small Angel X-ray Scattering (SAXS) is a 
powerful technique to analyze for 
mesoscopic and nanoscopic structures [3]. 
It renders the symmetry of the sample, but 
also probes the whole bulk 
macroscopically. Figure 3 shows 
background corrected and normalized 
SAXS profiles for sample PS-PDMS-2 - 
before and after etching. In both cases the 
SAXS data  
gives undisputable evidence that the 
structure of the PS matrix remains in the 
HF etched sample. The scattering of the 
HF treated sample reproduces the features 
of the scattering from the original diblock, 
but it is intensified dramatically. A 
scattering intensity enhancement of about 
two orders of magnitude is expected from 



estimating the enhanced contrast factor 
between PS and air as compared to PS and 
PDMS. The spherical cavities in the etched 
sample are observed directly via 
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Figure 3: Scattering profiles before and after HF-
etching, which are consistent with a morphology of 
spherical domains, as expected from the volume 
fraction. The full line is the spherical form factor. 
 
Scanning Electron Microscopy (SEM), as 
illustrated in Figure 4. The SAXS and the SEM 
results are in agreement with respect to the 
cavity diameter of 12 nm, as recorded by the 
two techniques.  
 

 
Figure 4: SEM micrograph of the nano-porous 
material, showing spherical cavities. 
 
Conclusion 
We have presented a new method for the 
preparation of porous nano-structures of 
polystyrene. The spherical cavities originate 
from domains of PDMS in self-organized PS-
PDMS block copolymers. The morphology of 

PS is fully conserved after etching of 
PDMS, as ascertained by SAXS. The 
method is well suited for preparing 
samples of macroscopic dimensions; a 0.5 
mm thick film of PS with secluded 
spherical voids was thus prepared for  
the first time. The method has potential to 
be applied to other materials containing 
alkylsiloxane moieties. A polydiene 
component would be highly desirable in 
many situations, because of the possibility 
to introduce functional groups by 
subsequent reactions on the double bonds. 
Preliminary experiments with polydiene-
PDMS block copolymers are showing 
encouraging results.  
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