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Welcome to ISPAC2017 in Linz?
On behalf of the organizing committee, it is a great pleasure for us to
welcome you to the 30th International Symposium on Polymer Analysis and
Characterization (ISPAC). ISPAC provides a unique platform for polymer
materials scientists from both academia and industry to come together to
share information on recent advancements in polymer analysis and
characterization.
This is a very special occasion as we are celebrating the 30th ISPAC
meeting. On the other hand, for the first time the conference is taking place
in Austria and we hope that this gives an opportunity for the regional and
local materials characterization community to get together with international
scientists for an exchange of knowledge and to learn about all the dynamic
developments in this vibrant field.
The program this year reflects the current interest in polymer materials
characterization and addresses a wide range of topics including
multidimensional fractionations, advanced polyolefin analysis and the
characterization of bio- and natural polymers.
We are very fortunate this year to have strong support from a number of
major polymer producing companies, most prominently Borealis, as well as
instrument vendors and exhibitors in terms of both sponsorship and bringing
in their experts to share their experience. We would like to express our
gratitude to Johannes Kepler University for giving us the opportunity to hold
ISPAC 2017 on its campus.
In accordance with the ISPAC tradition, the panel discussions in the plenary
and invited talk sessions will provide an excellent opportunity to discuss and
interact with the speakers after their presentations. There will also be ample
time between the sessions for interactions between all the conference
participants. We urge you to take advantage of all these opportunities for
fruitful exchange with fellow participants. We are delighted that you have
joined us for this exciting event.
We warmly welcome you at Johannes Kepler University, in the city of Linz
and Austria and wish you a very stimulating and successful conference.
Lastly we hope that you will enjoy the Austrian hospitality and will continue
your support for ISPAC in the forthcoming years.
Prof. Clemens Schwarzinger, Johannes Kepler University, Linz, Austria
Prof. Harald Pasch, University of Stellenbosch, South Africa
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What is ISPAC?
ISPAC stands for International Symposium on Polymer Analysis and
Characterization. It is a non-profit scientific organization formed to provide
an international forum for the presentation of recent advances in the field of
polymer analysis and characterization methodologies. This unique
Symposium brings together analytical chemists and polymer scientists
involved in the analysis and characterization of polymeric materials.
Meetings are held annually, rotating to venues in the USA, Europe and Asia.
ISPAC sessions comprise a two and a half to three day program with invited
lectures, submitted lectures, poster sessions, discussions and information
exchange on polymer analysis and characterization approaches, techniques
and applications. Invited talks include state-of-the art developments. Each
session features plenary and invited lectures and a 30 to 45 minute open
discussion period, as well as contributed talks. The participants typically
come from academic, industrial, and government settings and work with
different aspects of polymer analysis and characterization approaches,
techniques and applications. The conferences aim is to promote networking
with one another, exchanging information and tips about different
techniques, and learning about the latest developments in polymer
characterization.
Lecturers are urged to include introductory material in their presentation to
bring participants "up to speed", and are allotted the time to accomplish
this. The discussion periods allow for extended interaction among the
lecturers and the conference participants.
If your work involves any aspect of polymer characterization, physical
testing, materials analysis, or polymers in general, please consider attending
this conference. You are welcome to submit a contributed oral paper or a
poster.
Full papers of invited talks and poster presentations are published in the
International Journal of Polymer Analysis and Characterization, an ISPAC
affiliated journal published by Taylor & Francis. Instructions for authors will
be available at the conference.
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ISPAC 2018
The next annual conference will be held in cooperation with NIST in
Gaithersburg, MD (close to Washington DC) in June 2018 under the guidance
of
A. Willem deGroot (ISPAC)
Kathryn L. Beers (NIST)
Ronald L. Jones (NIST)
For further information please check the ISPAC webpage frequently:
http://www.ispac-conferences.org/
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Short Course Speakers
Andreas Schönhals:
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Clemens Schwarzinger:
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Plenary Speakers
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Dynamics
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HVDC cable insulation
P7: Manfred Wilhelm: Low-Field RheoNMR: A Portable 1H TD-NMR Unit for
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Crystallization of Polyolefins
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P9: Chrys Wesdemiotis: Multidimensional Mass Spectrometry Methods for
the Analysis of Synthetic Polymers and Advanced Materials
P10: Andreas Schönhals: Polymer-Based Nanocomposites – Interplay
Between Interfacial and Bulk Properties
P11: Roberto Simonutti: Solid State NMR at High and Low Field For
Polymer Characterization
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Polystyrene
P13: Steve Armes: Small-angle X-Ray Scattering (SAXS): A Powerful Tool
for Characterizing Polymer Colloids
P14: Wolf Hiller: Molar mass distributions of block copolymers determined
by LCCC-, SEC- and FFF-NMR
P15: Subhu Venkatraman: Characterization of Biodegradable Polymers:
Relevance to Medical Applications
P16: Hiroshi Jinnai: Challenges for 3D imaging of polymeric nanostructures
by electron microscopy -towards large volume dynamical 3D imaging
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Plenary Sessions

Plenary 1

POLYOLEFIN ANALYSIS WITH HT-TGIC - THE FINAL REPLACEMENT OF
TREF, CRYSTAF, AND CEF?
Soares, Joao B.P., Mehdiabadi, Saeid
University of Alberta, Department of Chemical and Materials Engineering, 9211 - 116 Street, Edmonton,
Alberta, Canada T6G 1H9

Abstract
The chemical composition distribution of polyolefins has a profound effect on their performance. The most
commonly used methods to determine CCD are temperature rising elution fractionation (TREF), crystallization
elution fractionation (CEF), and crystallization analysis fractionation (CRYSTAF). All these three methods are
based on the crystallizability of polymer chains in a dilute solution. Even though these techniques are well
established and widely used, they suffer from two main limitations: they are influenced by cocrystallization
effects, and they cannot be used to characterize polymers with that do not crystallize from a dilute solution. A
relatively recent technique to determine CCD, which is not based on crystallizability, is high-temperature
thermal gradient interaction chromatography (HT-TGIC). This technique relies on the adsorption of polymer
chains on porous graphitic carbon. In this case, the retention is determined by enthalpic interaction of polymer
segments with graphite surface. The strength of interaction depends on both the surface area of the polymer
segment in contact with graphite surface, and on the type and type of polymer chains at the point of interaction
with the flat graphite surface.
In this study, we study the performance of HT-TGIC as a technique to fractionate polyolefins systematically,
and compare it with other crystallization-based techniques.
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Plenary 2

POLYETHYLENE-BASED COMPLEX MACROMOLECULAR
ARCHITECTURE: A CHALLENGE FOR POLYMER ANALYSIS AND
CHARACTERIZATION
Hadjichristidis Nikos
King Abdullah University of Science and Technology (KAUST), Physical Sciences and Engineering Division,
Catalysis Center, Polymer Synthesis Laboratory, Thuwal, Saudi Arabia

Abstract
The analysis and characterization of polyethylene (PE)-based linear structures is already challenging, since
PEs are non-polar insoluble materials under normal characterization conditions. Furthermore, there is limited
access to PE-based complex macromolecular architecture (CMA), due to the difficulty in the synthesis of PECMAs by the conventional C2 polymerizations (the chain grows by two carbon atoms at a time). Recently, a
borane-initiated living polymerization of ylides, leading to well-defined polymethylenes (equivalent to
polyethylene, PE), through a C1 addition polymerization (polyhomologation) was discovered[1]. Our group is
developing both novel borane initiators/ylide monomers and combines polyhomologation with other living
techniques to synthesize model PE-based materials [2-11]. Examples of these are given in Scheme 1. I hope
this presentation will serve as motivation for the development of novel analysis/characterization procedures
towards this direction.
REFERENCES
[1] J. Luo, J., Shea, K. J. Acc. Chem. Res. 2010, 43, 1420-1433.
[2] Zhang, H., Alkayal, N., Gnanou, Y., Hadjichristidis, N. Chem. Commun. 2013, 49, 8952-8954.
[3] Zhang, H., Gnanou, Y., Hadjichristidis, N. Polym. Chem. 2014, 5, 6431-6434.
[4] Zhang, H., Alkayal, N., Gnanou, Y., Hadjichristidis, N. Macrom. Rapid Commun. 2014, 35, 378-390.
[5] Alkayal, N., Hadjichristidis, N. Polym. Chem. 2015, 6, 4921-4926.
[5] Zhang, Z., Zhang, H., Gnanou, Y., Hadjichristidis, N. Chem. Commun. 2015, 51, 9936-9938.
[6] Zhang, H., Gnanou, Y., Hadjichristidis, N. Macromolecules 2015, 48, 3556-3562.
[7] Wang, D., Zhang, Z., Hadjichristidis, N. ACS Macro Letters 2016, 5, 387-390.
[8] Zhang, H., Hadjichristidis, N. Macromolecules 2016, 49, 1590-1596.
[9] Zheng, Z., Altaher, M., Zhang, H., Wang, D., Hadjichristidis, N. Macromolecules 2016, 49, 2630-2638.
[10] Wang, D., Hadjichristidis, N. Chem. Commun. 2017, 53, 1196-1199.
[11] Alkayal, N., Zhang, H., Bilalis, P., Gnanou, Y., Hadjichristidis, N. Macromol. Chem. Phys. 2017, DOI:
10.1002/macp.201600568.
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Scheme 1. Polyethylene (in red)-based polymeric materials.
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Plenary 3

ANALYSIS OF SUBSTITUENT DISTRIBUTION PROFILES IN VARIOUS
TYPES OF GLYCAN ETHERS
Mischnick, Petra
Technische Universität Braunschweig, Institute of Food Chemistry, Schleinitzstr. 20, D-38106 Braunschweig,
Germany

Abstract
The controlled production of cellulose ethers resulting in reproducible specific properties of products is still a
challenge. Guaranteed properties e.g. in drug release systems or food applications is, however, essential for
save and high-quality applications. To overcome this problem, it is important to analyze the substituent
distributions as detailed as possible to have the chance to see whether and if, how slight differences in
structure influence the properties. Thus methods need to be developed that allow deep insight into the
substituent profiles on various structural levels. Mass spectrometry of oligosaccharide sequences is a powerful
method in this respect, especially for very complex compounds like mixed ether derivatives, e.g.
hydroxypropylmethyl cellulose (HPMC). However, to prevent misleading results, all steps of sample preparation
and MS measurement itself need to be proved/studied with respect to possible discrimination. Latest results
from such studies will be presented.
Literature
S. Gangula, M. Nimtz, P. Mischnick, Int. J. Mass Spectrom. (2016) 57-65: Study on relative ion intensities of
various maltooligosaccharide ethers in Electrospray Ionization Ion Trap Mass Spectrometry: A quantitative
evaluation.
J. Cuers, M. Rinken, R. Adden, P. Mischnick, Anal. Bioanal Chem. 405 (2013) 9021-9032.
Critical investigation of the substituent distribution in the polymer chains of hydroxypropyl methylcelluloses by
LC-ESI-MS.
J. Cuers, Y. Wang, A. Koschella, Th. Heinze, P. Mischnick, Carbohydr. Polym., 96 (2013) 246-252:
Comprehensive analysis of the substituent distribution in 3-O-ethyl/propyl cellulose derivatives.
P. Mischnick, I. Unterieser, K. Voiges, J. Cuers, M. Rinken, R. Adden, Macromol. Chem. Phys. 214 (2013)
1363-1374. A new method for the analysis of the substitution pattern of hydroxyethyl(methyl) celluloses over
the polysaccharide chain.
P. Mischnick, Adv. Polym. Sci. 248 (2012) 105-174. (Minna Hakkarainen, Ed.): Mass spectrometric
characterization of oligo and polysaccharides and their derivatives, Chapter 4 in “Mass spectrometry of
polymers – new techniques”.
P. Mischnick, D. Momcilovic, Adv. Carbohydr. Chem. Biochem., 64 (2010) 117-210: Chemical Structure
Analysis of Starch and Cellulose Derivatives.
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MOLECULAR RHEOLOGY ON PERMANENT AND TRANSIENT
ELASTOMERS: NMR INVESTIGATIONS OF NETWORK CHAIN LENGTH,
ORIENTATION AND DYNAMICS
Saalwächter, Kay, Naumova, Anna, Ott, Maria, Mordvinkin, Anton
Institut f. Physik, Martin-Luther-Univ. Halle-Wittenberg, Betty-Heimann-Str. 7, 06120 Halle (Saale), Germany

Abstract
Our molecular understanding of rubber elasticity and mechanical relaxation processes in networks most often
rely on coarse-grained chain-based models such as, e.g. the affine and phantom network models. Simple
stress-strain experiments are clearly insufficient in deciding on their applicability, requiring molecular-scale
information on the chains’ structure and dynamics [1]. A robust and industrially appealing approach is state-ofthe-art proton low-field NMR [1-3], which provides an alternative and complementary access to
polymer/network chain structure [2] and dynamics [3] via its sensitivity to segmental orientation fluctuations.
Specifically, the NMR method provides a time- and temperature dependent residual dipole-dipole coupling
constant (RDC), which is proportional to a ms-timescale-averaged dynamic order parameter, which in turn is
proportional to the square-root of the autocorrelation function of segmental orientation. In the absence of
relaxations (i.e., for permanent elastomers far above T_g), the RDC depends on local deformation, and is
inversely proportional to the length of elastically active strands N, i.e., to the crosslink/constraint density.
Importantly, its distribution, thus the level of spatial inhomogeneity and defects, is also accessible [2]. For the
case of entangled melts, details of tube-constrained motion are accessible by time- and temperature variation
[3], establishing the NMR method as an easy-to-perform approach to true molecular rheology.
In this contribution, we present applications of the NMR technique to the study of local network chain
deformation in stretched samples [4], and to the study of chain dynamics in transient elastomers based upon
supramolecular bonds featuring self-healing properties [5]. Our earlier work on uniaxial stretching of bulk
samples [6] has provided clear evidence for the non-applicability of the affine and phantom models, and
indications that tube-based approaches provide a better fit to the data, see Fig. 1. Here, we discuss extended
studies on biaxial deformation of bulk samples, and uniaxial deformation of swollen samples. Transient network
bonds can bestow self-healing properties, which is an attractive feature for many applications where extended
service life is important. Transient supramolecular linkages can be realized in a variety of ways, including e.g.
ionic groups forming clusters. We here focus on butyl rubber with multiple ionic groups along the main chain; is
mechanical properties and excellent self-healing capabilities have been studied very recently [5]. We
demonstrate that the dynamic nature of the ionic supramolecular bonds is reflected in the same way in both the
macroscopic mechanical and the microscopic chain-level NMR observables. We can thus address the
important relationship between the microscopic supramolecular bond lifetime and the elastic as well as selfhealing properties.
[1] S. Schlögl et al., Macromolecules 47, 2759 (2014).
[2] K. Saalwächter, Progr. NMR Spectrosc. 51, 1 (2007); J. L. Valentín et al., Macromolecules 43, 4210 (2010);
W. Chassé et al., J. Chem. Phys. 134, 044907 (2011).
[3] F. Vaca Chávez, K. Saalwächter, Phys. Rev. Lett. 104, 198305 (2010); Macromolecules 44, 1549 (2011);
F. Furtado et al., Macromolecules 47, 256 (2014).
[4] R. Pérez-Aparicio et al., Macromolecules 46, 5549 (2013).
[5] A. Das et al., ACS Appl. Mater. Interf. 7, 20623 (2015).
[6] M. Ott et al., Macromolecules 47, 7597 (2014).
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NMR intensities (prop. to RDCs) measured on stretched natural rubber as a function sample orientation, along
with fits based upon different local deformation models [6]
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PHASE DIAGRAM OF AQUEOUS TWO-PHASE SYSTEM OF DEXTRAN
AND POLY(ETHYLENE GLYCOL)
Yonggang Liu
State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry, Chinese
Academy of Sciences, 130022 Changchun, China

Abstract
Polymeric aqueous two-phase systems (ATPSs) can be formed by mixing aqueous solutions of two different
polymers, such as dextran and poly(ethylene glycol) (PEG), above a certain concentration. Two immiscible
phases largely containing water are obtained, with one phase rich in dextran and the other one rich in PEG.
Such ATPSs are widely employed for the separation and purification of proteins, nucleic acids, viruses and
cells, due to their biocompatibility and the unique feature to provide a mild environment with extremely low
interfacial tension. The partitioning of biomolecules or cells in ATPS is not only controlled by their own physicochemical affinities to the two phases or the liquid-liquid interface, but also influenced by the properties of the
ATPS such as the tie line length and the molar mass of polymers, etc. Here we report the construction of the
phase diagram of ATPS of dextran and PEG, with a broad molar mass distribution for dextran and a narrow
molar mass distribution for PEG [1]. Tie lines established by gel permeation chromatography method are in
excellent agreement with those established by the previously reported approach based on density
measurements of the phases [2]. The fractionation of dextran during phase separation of ATPS leads to the
redistribution of dextran of different chain lengths between the two phases. The degree of fractionation for
dextran decays exponentially as a function of chain length. The average separation parameters, for both
dextran and PEG, show a crossover from mean field behavior to Ising model behavior, as the critical point is
approached.
References
1. Z. Zhao, Q. Li, X. Ji, R. Dimova, R. Lipowsky, Y. Liu, J. Chromatogr. A 2016, 1452, 107–115.
2. Y. Liu, R. Lipowsky, R. Dimova, Langmuir 2012, 28, 3831–3839.
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LOW-FIELD RHEONMR: A PORTABLE 1H TD-NMR UNIT FOR SHEAR
RHEOMETERS AND ITS APPLICATION TO QUIESCENT AND FLOWINDUCED CRYSTALLIZATION OF POLYOLEFINS
Räntzsch, Volker, Özen, Mürüvvet B., Ratzsch, Karl-Friedrich, Guthausen, Gisela, Wilhelm,
Manfred
Karlsruhe Institute of Technology (KIT), Engesserstr. 18, 76131, Karlsruhe, Germany
University of Freiburg, Freiburg Materials Research Center (FMF), Stefan-Meier-Str. 21, 79104, Freiburg,
Germany

Abstract
Combining NMR and rheology has received great attention in the past 20 years because such combinations
lead to correlated information on flow and molecular properties of soft matter, e.g. polymers, liquid crystals or
colloids. Additionally, flow profiles can be applied to modify the state of a sample and measure its implications
on flow and molecular properties. Most RheoNMR designs have been realized for high-field NMR
spectrometers with no portability and only a small selection of possible rheological experiments. Here we
present a low-field RheoNMR set-up based on a portable 30 MHz NMR unit that was integrated into a
commercial high-end strain-controlled rheometer. This unique combination can be employed to simultaneously
conduct a full rheological characterization (G’, G”, |?*|, FT-Rheology: I3/1, Q0) [1] while monitoring molecular
dynamics in-situ via 1H TD-NMR for temperatures from -15 to +210 °C [2,3]. Possible applications include the
measurement of quantitative composition in crystallizing soft matter (fats, polymers, etc.) and multiphase
systems during the application of shear protocols. To display the possibilities of this new technique, studies on
the quiescent and flow-induced crystallization of polyolefins are presented.
[1] Wilhelm M. Fourier-Transform Rheology. Macromol. Mater. Eng. 2002, 287, 83-105.
[2] Räntzsch, V.; Wilhelm, M.; Guthausen G. Magn. Reson. Chem. 2016, 54, 494–501.
[3] Ratzsch, K.-F.; Friedrich, C.; Wilhelm, M. J. Rheol. 2016, submitted.
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Left: Low-field RheoNMR set-up based on a portable time domain (TD) NMR unit (30 MHz) implemented in a
high end strain-controlled rheometer (Rheometrics / TA ARES). Right: Cross-section of the NMR unit including
a Halbach array of permanent magnets, NMR probe and temperature control elements.
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SOFT DEVICES: PERSPECTIVES
Bauer, Sigfried
Soft Matter Physics, Johannes Kepler Universiy Linz, Altenbergerstrasse 69, 4040 Linz, Austria

Abstract
Scientists are exploring elastic and soft forms of electronic skin, soft robots and energy harvesters, dreaming to
mimic nature and to enable novel applications in wide ranging fields, from consumer and mobile appliances to
biomedical systems, sports and healthcare. Antagonistic materials with a wide range of mechanical, physical
and chemical properties are employed, from liquids and gels to organic and inorganic solids. Combining such a
diversity of materials into functionalities never seen before, is an ideal playground for research in crossdisciplinary research. In the presentation I will first introduce latest research examples in sensor skin
development and discuss ultra-flexible electronic circuits, light emitting diodes and solar cells as examples.
Additional functionalities of sensor skin, such as visual sensors inspired by animal eyes, camouflage, selfcleaning and healing and on-skin energy storage and generation are briefly reviewed. All of the examples
chosen demonstrate the importance of multi-disciplinary research areas across materials science, physics,
chemistry, biology, medicine and engineering.
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MULTIDIMENSIONAL MASS SPECTROMETRY METHODS FOR THE
ANALYSIS OF SYNTHETIC POLYMERS AND ADVANCED MATERIALS
Wesdemiotis, Chrys
Department of Chemistry, The University of Akron, Akron, OH 44325, USA

Abstract
Multidimensional mass spectrometry interfaces a suitable ionization technique and mass analysis (MS) with
tandem mass spectrometry (MS/MS) fragmentation and an orthogonal online separation method. Separation
choices include liquid chromatography (LC) and ion mobility (IM) spectrometry, which disperse pre-ionization in
the solution state or post-ionization in the gas phase, respectively. The MS step provides elemental
composition information, while MS/MS exploits differences in the bond stabilities of a polymer, yielding
connectivity and sequence information. LC conditions can be tuned to separate by polarity, end group
functionality, or hydrodynamic volume, whereas the IM dimension adds selectivity by macromolecular shape
and architecture. Specific combinations of the MS, MS/MS, LC, and IM dimensions can be applied, together
with the appropriate ionization method, to determine the constituents, structures, end groups, sequences, and
architectures of a wide variety of homo- and copolymeric materials, as will be demonstrated for multicomponent
blends, supramolecular assemblies, novel hybrid materials, and large cross-linked or non-ionizable polymers.
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POLYMER BASED NANOCOMPOSITES – INTERPLAY BETWEEN
INTERFACIAL AND BULK EFFECTS
Schönhals, Andreas
Bundesanstalt für Materialforschung und -prüfung, Unter den Eichen 87, 12205 Berlin

Abstract
Different types of polymerbased nanocomposites (matrix materials: polyethylene, polypropylene, polylactide,
polycarbonate, polystyrene) with a broad variety of nanofillers (fillers: layered silica, layered doubled
hydroxides, POSS) are prepared where the concentration of the particles is varied. For layered fillers TEM
images show both an intercalated and exfoliated morphology in dependence on the nanofiller and the matrix.
All systems are studied in detail by dielectric spectroscopy (BDS) but also complementary methods like WAXS,
SAXS, gas transport measurements, calorimetry, and FTIR spectroscopy are employed. Besides the
dispersion, the interfacial region between the nanoparticles and the polymer matrix is crucial for the properties
of the nanocomposites. Therefore, attention is paid to investigate this interfacial area by BDS because the polar
groups of both the surfactant and compatibilizer are located close to the layers. For some systems it is found
that the molecular mobility in the interfacial area is essentially higher than in the matrix. In addition a
Maxwell/Wagner/Sillars polarization is found due to the blocking of charges at the layers. The time constant of
this MWS-process can be correlated with characteristic length scales in the nanocomposites and provides
information about the dispersion of the nanofiller.
1. Böhning, M.; Goering, H.; Fritz, A.; Brzezinka, K.W.; Turky, G.; Schönhals A.; Schartel B.
Macromolecules 38 (2005) 2764-2774
2. Hao, N.; Böhning, M.; Goering H.; Schönhals, A.
Macromolecules 40 (2007) 2955-2964
3. Hao, N.; Böhning, M.; Schönhals, A.
Macromolecules 40 (2007) 9672-9679
4. Schönhals, A.; Goering, H.; Costa, F. R.; Wagenknecht, U.; Heinrich, G.
Macromolecules 42 (2009) 4165-4174
5. Purohit, P. J.; Huacuja-Sánchez, J. E.; Wang, D. Y.; Emmerling, F.; Thünemann, A.; Heinrich, G.;
Schönhals, A.
Macromolecules 44 (2011) 4342-4354
6. Purohit, P. J.; Wang, D. Y.; Emmerling, F.; Thünemann, A.; Heinrich, G.; Schönhals, A.
Polymer 53 (2012) 2245-2254
7. Purohit, P.; Wang, Di-Yi; Wurm, A.; Schick, C.; Schönhals A.
European Polymer Journal 55 (2014) 48-56
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SOLID STATE NMR AT HIGH AND LOW FIELD FOR POLYMER
CHARACTERIZATION
Simonutti, Roberto
Department of Materials Science, University of Milan-Bicocca,
Via R. Cozzi 55, 20125 Milan, Italy.

Abstract
Developments, achieved in the last 20 years, in NMR instrumentation and methodologies provide polymer
scientists a large variety of analytical tools, with unprecedented sensitivity and resolution, able to investigate
polymer composition, conformation and morphology. A brief and very partial list of techniques include at high
field: fast magic angle spinning (MAS), 2D 1H-13C frequency-switched Lee-Goldburg (FSLG) Heterocorrelated
(HETCOR) MAS NMR, Continuous Flow hyperpolarized Xe NMR; at low field: 1H multiple quantum (MQ) time
domain (TD) NMR and Magic-Sandwich Echo (MSE) TD NMR.
Comparing MAS NMR spectra obtained with and without cross-polarization it is possible to differentiate rigid
phases from mobile ones, either in the case of polymer blends composed by polymers characterized by large
difference in glass transition temperature,1 block copolymers or semicrystalline polymers. The case of
semicrystalline polymers will be discussed in details in the case of bioplastics containing cellulose obtained
from agriculture waste.
Considering polymer inorganic hybrids, like polystyrene/silica MCM-41 nanocomposite, 1H-29Si and 1H- 13C
HETCOR spectra performed with Lee-Goldburg homonuclear decoupling, that generates optimal resolution in
the hydrogen domain, provide a careful description of the interfaces. In fact these experiments allow us to
detect separately carbon, silicon, and hydrogen in magnetic communication one with the other and provide
direct proof of the intimate relationships, less than one nanometer, between the organic and inorganic
components.2
129Xe NMR can be applied to polymers to determine the chain mobility, the glass transition temperature, and
the free volume of the rubbery amorphous phase.3 In the case of permanent porosity, 129Xe NMR exploiting
2D experiments like 2D Exchange spectroscopy (EXSY) provides the dimension of the pores and their
connectivity; the cases of biochar obtained from pecan4 and almond5 shells will be discussed.
At low field, 1H MQ TD NMR allows us to study the network structure of elastomers, specifically we
characterized the polyisoprene, polybutadiene, and their blends in the narrow range of formulations compatible
with actual use in the automotive tire industry.6
Finally the morphology of hot melt adesive with possible application in the art conservation field is
characterized by means of MSE TD NNR.
1. S. Bonetti, M. Farina, M. Mauri, K. Koynov, H. J. Butt, M. Kappl and R. Simonutti, Macromolecular rapid
communications, 2016, 37, 584-589.
2. P. Sozzani, S. Bracco, A. Comotti, R. Simonutti, P. Valsesia, Y. Sakamoto and O. Terasaki, Nature
Materials, 2006, 5, 545-551.
3. R. Simonutti, S. Bracco, A. Comotti, M. Mauri and P. Sozzani, Chem. Mat., 2006, 18, 4651-4657.
4. M. Mauri, M. Farina, G. Patriarca, R. Simonutti, K. T. Klasson and H. N. Cheng, International Journal of
Polymer Analysis and Characterization, 2015, 20, 119-129.
5. M. Farina, M. Mauri, G. Patriarca, R. Simonutti, K. T. Klasson and H. N. Cheng, RSC Adv., 2016, 6, 103803103810.
6. M. K. Dibbanti, M. Mauri, L. Mauri, G. Medaglia and R. Simonutti, Journal of Applied Polymer Science, 2015,
132.
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CHARACTERIZATION OF LIVING CHAINS IN ATRP GROWN
POLYSTYRENE
Oh, Joongsuk, Kuk, Jiae, Chang, Taihyun
Department of Chemistry and Division of Advanced Materials Science,
Pohang University of Science and Technology (POSTECH), Pohang, 37673, Korea

Abstract
Atom transfer radical polymerization (ATRP) is a powerful method to prepare polymers with relatively narrow
molecular weight distribution (MWD) and various chain-end functionalities (CEF). However, dead chains are
always formed by suppressed but unavoidable termination reaction between free radicals during the chain
growth that results imperfect CEF and broader MWD. The dead chains affect the purity in the synthesis of block
copolymers or topological polymers by ATRP. Nonetheless, the true MWD and CEF of polymers prepared by
ATRP is yet to be addressed critically since the MWD measured by size exclusion chromatography (SEC) is an
overlapped distribution of both living and dead chains, let alone the limited resolution of SEC.
In this study, living and dead chains of polystyrenes synthesized by ATRP are separated by HPLC after the
chain-end substitution reaction. For the ATRP grown polymers, only living chains carry a halogen end group
which can be easily converted to another polar functional group such as hydroxyl group. Then, HPLC can
effectively separate the polymers according to the chain end functionality. Living chains with a polar
functionality at the chain end interact more strongly with polar stationary phase such as bare silica than dead
chains. MALDI-TOF MS is used to identify the chain end in the separated fractions. Finally, dead chain fraction
and true MWD of living chain by ATRP are experimentally determined and compared with the theoretical
predictions.
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SMALL-ANGLE X-RAY SCATTERING (SAXS): A POWERFUL TOOL FOR
CHARACTERISING POLYMER COLLOIDS
Armes, Steven, P., Derry, Matthew, J., Mykhalyk, Oleksandr, O.
Department of Chemistry, University of Sheffield, Brook Hill, Sheffield, South Yorkshire, S3 7HF, UK

Abstract
It is well-known that small-angle X-ray scattering (SAXS) can be a powerful characterisation technique for the
characterisation of polymers, colloids and soft matter. At Sheffield, we have used SAXS to analyse the
stimulus-responsive behaviour of various types of block copolymer worms or vesicles prepared using a
technique known as polymerisation-induced self-assembly (PISA). Briefly, a soluble precursor block is chainextended via reversible addition-fragmentation chain transfer (RAFT) polymerisation using a second monomer
that grows to form an insoluble block in the selected solvent. This drives micellar nucleation and the final
diblock copolymer morphology (i.e. spheres, worms or vesicles) mainly depends on the relative volume
fractions of the two blocks. Recently, we have used SAXS to examine thermally-induced worm-to-sphere and
vesicle-to-worm transitions - see Figure 1. We have also used SAXS to monitor the PISA synthesis in situ,
which leads to unprecedented insights into the precise nature of the vesicle growth mechanism. Finally, we
have begun to investigate the micellar nucleation event itself using SAXS, which has led to a counter-intuitive
observation. For many time-resolved SAXS experiments, a synchrotron X-ray source is required, but some
experiments can be performed using our new in-house SAXS Xenocs instrument. This is equipped with a liquid
gallium Metal Jet X-ray source (Excillum), which provides a high-flux X-ray beam.

SAXS studies of thermally-induced vesicle-to-worm transition exhibited by methacrylic diblock copolymer
vesicles on heating in mineral oil
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MOLAR MASS DISTRIBUTIONS OF BLOCK COPOLYMERS DETERMINED
BY SEC-, LCCC- AND FFF-NMR
Hiller, Wolf, Hehn, Mathias
TU Dortmund, Faculty of Chemistry and Chemical Biology, Otto-Hahn-Str.6, 44227 Dortmund, Germany

Abstract
Polymers are very complex molecules differing by topology, chain length, chemical composition as well as
microstructure. Moreover, polymers also provide distributions of these parameters. In particular, the weight
average (Mw) and the number average molar masses (Mn) are of main interest. Size exclusion
chromatography (SEC) is the most common method for the determination of these molar mass data. It
separates the macromolecules according to the hydrodynamic radii and provides the molar mass distribution.
Nevertheless, the correct determination of molar masses also depends on further parameters. In particular, the
determination of molar masses of copolymers requires the correct chemical composition of the comonomers as
well as the chemical heterogeneity. Therefore, multi-dimensional chromatography or the online coupling of
chromatography with spectroscopy is necessary for a comprehensive analysis. Especially, the online coupling
of chromatography with NMR is a very powerful tool for the characterization of copolymers. It provides
quantitative data and allows particularly for the direct determination of the chemical composition without any
calibrations as well as the determination of the microstructure.
The lecture will present the comparison of the online coupling methods SEC-NMR, LCCC-NMR as well as FFFNMR for the determination of molar mass distributions of copolymers. In particular, it will be shown how LCCC
can be used to accurately provide molar mass distributions. New referencing methods will be introduced in
order to allow the determination of correct molar mass distributions for copolymers. The data will be compared
to SEC-NMR. Furthermore, the online coupling FFF-NMR will be demonstrated as an alternative to SEC-NMR
for the detemination of molar masses of copolymers. Different block copolymers (e.g. PS-b-PMMA, PI-b-PMMA
and PS-b-PI) were used to determine the molar mass distributions with both methods. In addition, FFF-NMR
was applied to terpolymers. These results will also be presented.
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CHARACTERIZATION OF BIODEGRADABLE POLYMERS: RELEVANCE
TO MEDICAL APPLICATIONS
Venkatraman, Subbu
66 Nanyang Terrace

Abstract
Polymers that degrade fully inside the human body have been used in many medical applications. Examples
include biodegradable sutures (Fig 1) used in surgery; ocular implants1 for various diseases (Fig 2); and fullydegradable coronary stents2 (Fig 3) deployed following a heart attack.
For these applications, the durations of degradation vary from a few weeks to several months, and dictates
careful selection of the polymer type. To this end, characterization of the mechanisms of degradation, as well
as of the effects of degradation on polymer attributes, is of fundamental importance.
In this talk I will discuss two very different modes of degradation: homogenous (bulk) and heterogenous
(surface) degradation in synthetic polyesters, and define the conditions for each type to dominate, in the human
body. Coupled to this understanding is the effect of the degrading polymer on the surrounding tissue and the
fate of the degradation products in vivo. Finally, I will discuss how you can transition from one mode of
degradation to the other, and how to utilize this in a practical application involving treatment of uveitis and eye
inflammation following corneal transplantation.
References
1. Liu YC, Peng Y, Lwin NC, Wong TT, Venkatraman SS, Mehta JS. Optimization of subconjunctival
biodegradable microfilms for sustained drug delivery to the anterior segment in a small animal model.
Investigative Ophthalmology and Visual Science, 54 (4), pp. 2607-2615 (2013)
2. Huang Yingying, Ng Herr Cheun Anthony, Ng Xu Wen and Subbu Venkatraman, Drug-eluting Biostable and
Erodible Stents, invited review, Journal Controlled Rel, 193, pp 188-202 (2014); Venkatraman SS, Tan LP,
Joso JF, Boey YCF, Wang X. Biodegradable stents with elastic memory, Biomaterials, 27 (8), pp. 1573-1578
(2006).
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CHALLENGES FOR 3D IMAGING OF POLYMERIC NANOSTRUCTURES BY
ELECTRON MICROSCOPY -TOWARDS LARGE VOLUME DYNAMICAL 3D
IMAGING Jinnai, Hiroshi
Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University
2-1-1, Katahira, Aoba-ku, Sendai,
980-8577, JAPAN

Abstract
In order to fabricate structures for many applications, e.g., nanotechnology, photovoltaic devices, drug delivery
etc., choice of three-dimensional (3D) structures is a key issue. For example, control of dispersion state of
nano-particles in (polymeric) matrix is an important industrial problem. Likewise, self-assembling processes of
polymeric materials attract considerable attention in academia as well as in industry: block copolymer (BCP)
self-assembly is a representative example. Combining well-ordered 3D morphologies of BCPs with nanoparticles offers a way for well-controlled spatial arrangement of nano-particle inside materials.
Transmission electron microscopy (TEM), transmission electron microtomography (TEMT or 3D TEM) in
particular, has been used to characterize polymer structures. Because TEMT is based on TEM, it provides 3D
image with high resolution (~1nm), which is ideal for structural studies at nano-scale. However, polymer
materials often exhibit structural hierarchy ranging from nano- to meso-scale. TEMT images relatively small
volume, a few µm across with thickness of a few hundreds nm, which makes it difficult to investigate mesoscale structures, such as grains. Challenges to increase observation volume by optimizing electron optics have
been made, and 3D imaging of polymer specimen with large thickness (namely large volume) of 1 µm has been
successfully carried out. The drawback of this technique, however, is the loss of resolution. FIB-SEM, another
3D imaging technique, is likewise used to investigate meso-scale structures. The resolution of FIB-SEM is
typically on the order of 10 nm. Thus, the FIB-SEM may not be a substitute of TEMT, either. Here in this talk, a
novel method to improve resolution of FIB-SEM obtained 3D images based on computational science (deep
learning).
As mentioned above, the ordering process is another essential factor to consider when one wants to precisely
control 3D structures of polymers. Unfortunately, TEM (and TEMT) has not been a useful method to image
such dynamical processes. One of the biggest reasons for this problem is the “staining” protocol that is almost
always necessary to enhance contrast under electrons. Consequently, however, the staining protocol “fixes”
the nano-structure, which makes it impossible to perform “in-situ” dynamical observations. Here, we show
some preliminary results of direct imaging of nano-structures from an unstained BCP, which may open up a
way of “in-situ” 3D imaging in the near future.
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EFFECT OF POLYMER DESIGN PARAMETERS ON THE FATIGUE CRACK
GROWTH BEHAVIOR OF POLYETHYLENE – PART I: EFFECT OF
SPECIMEN CONFIGURATION
Bradler, Patrick, R., Hartl, Anna, M., Fischer, Joerg, Ruff, Martin, Paulik, Christian, Lang,
Reinhold, W.
Institute of Polymeric Materials and Testing - Johannes Kepler University Linz, Altenberger Strasse 69, 4040
Linz, Austria
Institute for Chemical Technology of Organic Materials - Johannes Kepler University Linz, Altenberger Strasse
69, 4040 Linz, Austria

Abstract
Polyethylene (PE) pipes under internal pressure may fail in two different modes. Ductile failure in Region I at
high pressure and short failure times depends mainly on the yield stress of the material. At lower internal
pressure and longer failure times a quasi-brittle failure mode via a slow crack growth mechanism is frequently
observed, designated as Region II failure. The quasi-brittle failure behavior is known to strongly depend on
molecular parameters, such as mean molecular mass, characteristics of the molecular mass distribution and
co-monomer type, content and distribution. Hence, a comprehensive investigation was performed to
systematically investigate the effect of molecular parameters on the fatigue crack growth (FCG) resistance. The
investigation of these materials consisted of two associated parts, one accounting for the effect of specimen
configuration, the other for the effect of temperature and environmental medium.
The present research work deals with the effect of specimen configuration on the FCG resistance of PE grades
differing in their molecular parameters. For this purpose, PE model materials were specifically synthesized
utilizing various types of catalysts with unimodal, bimodal and trimodal molecular mass distributions,
respectively, with mean weight average molecular mass values ranging from 36 to 1,000 kg/mol. To assess the
resistance of these materials to fatigue crack growth, cyclic experiments with compact type (CT) and cracked
round bar (CRB) specimens were performed at a frequency of 5 Hz and 10 Hz, respectively, with an R-ratio of
0.1. The results were compared and analyzed in terms of the dependence of the cyclic crack growth rates,
da/dN, on the cyclic stress intensity factor range, ?K. In terms of ?K, the materials differed by more than a
factor of 10 between the grades with the highest and lowest mean molecular mass values, respectively. Further
effects and correlations related to the details of molecular mass distribution (unimodal vs. bimodal vs. trimodal)
were found and could be established. Moreover, and as expected, cyclic crack growth curves were found to be
rather similar between CT and CRB specimens for low mean molecular mass materials, whereas CT
specimens for higher molecular mass materials when compared to CRB specimens exhibited enhanced crack
growth resistance.
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EFFECT OF POLYMER DESIGN PARAMETERS ON THE FATIGUE CRACK
GROWTH BEHAVIOR OF POLYETHYLENE – PART II: EFFECT OF
TEMPERATURE AND ENVIRONMENTAL MEDIUM
Fischer, Joerg, Bradler, Patrick, R., Lang, Reinhold, W.
Institute of Polymeric Materials and Testing - Johannes Kepler University Linz, Altenberger Strasse 69, 4040
Linz, Austria

Abstract
Polyethylene (PE) pipes under internal pressure may fail in two different modes. Ductile failure in Region I at
high pressure and short failure times depends mainly on the yield stress of the material. At lower internal
pressure and longer failure times a quasi-brittle failure mode via a slow crack growth mechanism is frequently
observed, designated as Region II failure. The quasi-brittle failure behavior is known to strongly depend on
molecular parameters, such as mean molecular mass, characteristics of the molecular mass distribution and
co-monomer type, content and distribution. Hence, a comprehensive investigation was performed to
systematically investigate the effect of molecular parameters on the fatigue crack growth (FCG) resistance. The
investigation of these materials consisted of two associated parts, one accounting for the effect of specimen
configuration, the other for the effect of temperature and environmental medium.
The present research work deals with the effect of temperature and environmental medium on the FCG
resistance of PE grades differing in their molecular parameters. For this purpose, PE model materials were
specifically synthesized utilizing various types of catalysts with unimodal molecular mass distribution with mean
weight average molecular mass values ranging from 36 to 900 kg/mol. To assess the resistance of these
materials to fatigue crack growth, cyclic experiments with cracked round bar (CRB) specimens were performed
at a frequency of 10 Hz with an R-ratio of 0.1. Fatigue crack growth experiments were carried out at two
temperatures (23 °C and 80 °C) and in three environmental media (air, deionized water and chlorinated
water).The results were compared and analyzed in terms of the dependence of the cyclic crack growth rates,
da/dN, on the cyclic stress intensity factor range, ?K. While the FCG resistance in general decreased with
increasing temperature, the influence of the environmental media was complex and dependent on the details of
molecular mass distribution of the investigated material. At 80 °C, FCG rates in liquid media were found to be
higher than in air.
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SELECTIVE EXPERIMENTAL PARAMETERS FOR TREF OF PROPYLENEETHYLENE RANDOM COPOLYMERS: LIMITING UNDERCOOLING OF PP
Chitta, Rajesh, Steenbakkers, Rieky, Tacx, Jacques, Meppelder, Anika
SABIC, Analytical Technology, GTC-Europe, Corporate T&I, P.O. Box 319, 6160 AH Geleen, The Netherlands
SABIC, Technology&Innovation Center, STC Geleen, P.O. Box 319, 6160 AH Geleen, The Netherlands

Abstract
Selective experimental parameters for TREF of propylene-ethylene random copolymers: limiting undercooling
of PP
Rajesh Chitta1, Rieky Steenbakkers2, Jacques Tacx2, Anika Meppelder2
1SABIC, Analytical Technology, GTC-Europe, Corporate T&I, P.O. Box 319, 6160 AH Geleen, The
Netherlands
2SABIC, Technology&Innovation Center, STC Geleen, P.O. Box 319, 6160 AH Geleen, The Netherlands
It is well known that polyolefin copolymers synthesized with Ziegler-Natta catalysts exhibit distributions in
molecular characteristics like molar mass (MMD) and chemical composition (CCD) over molar mass, which
have a significant influence on the end use properties [1]. Understanding these molecular heterogeneities in
detail is the key to building structure-property relationship and thus to develop new polymer grades.
Temperature Rising Elution Fractionation (TREF) [2,3] is a highly valuable and widely used tool for chemical
composition separation of semicrystalline polyolefins. This technique takes advantage of the semi-crystalline
nature of polyolefins to separate the polymer chains based on their crystallizability from dilute solution, which
can be correlated to the chemical composition. However, due to high dependence of TREF separation quality
on operational parameters such as cooling rate, solvent, polymer concentration, support and crystallization
temperature, great attention should be paid to their selection [4,5]. Particularly in the case of polypropylene
(PP) and PP-based copolymers, as their relatively slow crystallizing nature would further complicate the
fractionation.
Too high cooling rates as well as too high concentrations lead to significant undercooling and consequently
anomalies in the TREF separation and hence to unreliable composition distributions. These phenomena as well
as optimized run parameters, which mitigated the anomalies significantly, will be discussed during this
contribution.
References:
1) L. L. Bohm, Angewandte Chemie Int. Ed. 42, 2003, 5010.
2) L. Wild, T. R. Ryle, D. C. Knobeloch, I. R. Peat, J. Polym. Sci. Polym. Phys. 20, 1982, 441.
3) Monrabal B. Temperature Rising Elution Fractionation and Crystallization Analysis and Fractionation In:
Meyers R. A. (ed) Encyclopedia of Analytical Chemistry. Wiley, Chichester, 2000.
4) S. Anantawaraskul, J. B. P. Soares, P. M. Wood-Adams, J. Polym. Sci. Part B Polymer Physics, 41, 2003,
1762.
5) N. Aust, M. Gahleitner, K. Reichelt, B. Ranger, Polymer Testing, 25, 2006, 896.
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UNDERSTANDING TRADE-OFFS IN OPTIMIZED METHODS FOR NOVEL
AUTOMATED POLYOLEFIN PRODUCTION QC INSTRUMENTATION
Del Hierro, Pilar, Ortín, Alberto, Monrabal, Benjamín
Polymer Char, Gustave Eiffel, 8 46980 Paterna, Valencia (Spain)

Abstract
Some polymer properties are crucial for defining final product quality and behavior, and needed to control some
industrial processes. Intrinsic viscosity and solubles content are among them. They have been measured with
classical methods for a long time, that are sometimes tedious and time consuming. These analyses require the
use of solvents and hardware that are difficult to manage in chemical plant environments.
It is well known that it takes time to change how the things are done, and especially the ones related to
properties that are written in the technical specifications of the materials. Recently, some alternative quality
control techniques have been developed in order to overcome these difficulties, making easier the control of
the materials and processes. Although the stablished QC methods are supported by industry standards, some
companies are realizing that alternative methods can also been used when there is a demonstrated correlation
in the results. IVA and CRYSTEX QC are examples of that, giving equivalent values with a simple hardware in
an automatic approach.
In the case of determination of intrinsic viscosity, it has been shown in previous works (1,2) that there is a good
correlation between the results obtained with the standardized methods with different solvents and different
glass capillary diameters, and the automatic methods where a unique viscometer and solvent (1,2,4Trichlorobenzene) is used for all the materials that are soluble in this solvent. In this work, different variables
like flow rate, temperatures, capillary diameters, are tested to find out the best conditions to optimize the
analysis time. Those conditions may be far from the optimum theoretical conditions, but continue maintaining
the correlation.
The soluble fraction in polyolefins has been measured by quantifying the part that remains in solution after
precipitation of a polymer solution. The results obtained in this way were extremely sensitive to the analysis
conditions, like precipitation time and temperature, and quantity of sample. With a novel TREF-based automatic
approach (3), it has been demonstrated that the reproducibility of the measurement is improved and it is not so
sensitive to the analytical conditions. Several precipitation conditions and concentrations are used to study the
effect in reproducibility and correlation.
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QUANTIFICATION OF COMONOMER CONTENT AND COMONOMER
DISTRIBUTION ALONG THE CHAIN IN POLY(ETHYLENE-CO-1-BUTENECO-1-HEXENE) TERPOLYMER AND REACTOR BLEND BY MELT-STATE
13C NMR SPECTROSCOPY
Elena Pomakhina, Gerhard Hubner, Victor Sumerin
Borealis Polyolefine GmbH, St. Peter-Strasse 25, AT-4021, Linz, Austria
Borealis Polymers Oy, Muovintie 19, FI-06850 Kulloo, FI-06101, Porvoo, Finland

Abstract
Copolymerisation of ethylene with a-olefin is a common way in polyolefin industry to modify and control the final
properties of linear low density polyethylene (LLDPE) products. In some processes more than one comonomer
are used and the product can be considered as a terpolymer or a reactor blend of different copolymers. Not
only the comonomer content per se but the way how comonomer is distributed along the chain has impact to
the macroscopic properties of the final product and also reflects the catalyst behaviour and the overall
polymerisation conditions.
13C NMR spectroscopy is one of the most powerful techniques for the accurate quantification of comonomer
content and comonomer distribution along the chain in ethylene-co-a-olefin copolymers. However, in case of
terpolymer and reactor blend such quantitative analysis is not straightforward due to increasing of the 13C
NMR spectra complicity and overlapping of the signals from different microstructure elements used for
quantification.
In this work, a melt state 13C NMR spectroscopy study of poly(ethylene-co-1-butene-co-1-hexene) terpolymer
and reactor blend is present. The universal approach to comonomer content quantification in terpolymer and
reactor blend, the same which can be used for comonomer content quantification in copolymer, is considered.
It is also shown that using certain assumptions it is possible to quantify comonomer distribution along the chain
and related polymer properties for ethylene-based terpolymer and reactor blend.
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HIGH RESOLUTION X-RAY COMPUTED TOMOGRAPHY FOR NONDESTRUCTIVE CHARACTERIZATION AND IN-SITU INVESTIGATIONS OF
FIBER REINFORCED POLYMERS
Johann Kastner, Guruprasad Rao, Alexander Amirkhanov, Christoph Heinzl, Dietmar
Salaberger, Michael Jerabek
University of Applied Sciences Upper Austria, Stelzhamerstrasse 23, 4600 Wels, Austria
Borealis Polyolefine GmbH, St.-Peter-Strasse 25, A-4021 Linz, Austria

Abstract
X-ray computed tomography (XCT) provides a volumetric map of a specimen in three dimensions, generated
from a set of radiographs. Due to the speed and quality of measurement, XCT systems with cone beam
geometry and matrix detectors have become widely used. Continuous improvements in the quality and
performance of X-ray tubes and devices have led to cone beam XCT systems which can now achieve spatial
resolutions below 500 nm. We report on the application of high-resolution XCT for the nondestructive
characterization of various polymeric materials with a special focus on fiber-reinforced polymers.
From the XCT-data quantitative data can be extracted like the fibre orientation and fibre length distribution. For
this purpose the XCT-data are processed by several consecutive steps: pre-processing, segmentation,
template matching, medial axis extraction, individual fibre extraction including cluster analysis and final fibre
characterisation. In this work the fiber length distribution of glass fibers in a polymer matrix are determined by
XCT and light optical microscopy (LOM). The standard method for the fiber length measurement is usually
burning or digesting the matrix and imaging the remaining fibers with LOM. The main advantages of XCT are: It
is a nondestructive method with high reproducibility, you can measure many fibers (up to 90.000) per sample
and only one method is needed for the measurement of fiber length, diameter and orientation. As an example
the fiber length distribution functions of injection moulded polypropylene reinforced with 10 %, 30 %, 40 %, 50
% and 60 % glass fibers were measured quantitatively by XCT. It is clearly recognisable that the fibre length
distribution function is shifted to lower values with increasing fibre content. The higher the fibre content the
more fibres will be broken during the die injection moulding process.
4DXCT or in-situ XCT is applied for the characterization of glass fiber reinforced polymers during tensile
testing. An in-situ tensile testing stage is placed in a high resolution XCT-device, so that the damage introduced
during tensile testing and the damage mechanisms can be clearly detected by XCT analyses. The study of the
evolution of various defects in short fibre reinforced composite material is conducted for damage
characterisation. The composite consists of a polyamide matrix and 30 wt. % of short glass fibres oriented 90°
relative to the flow direction. The damages are induced after application of pre-determined tensile force in a
quasi-static method. Quasi static tensile force is applied from 85% to 99 % relative to the pre-evaluated final
fracture force of 462 N. Damages are analysed after every step of the force using XCT at the resolution of (4.5
µm)3 voxel size The main damage mechanisms are fiber pull-out, fiber fracture, fiber-matrix deboning and
matrix cracks. The XCT-resolution is high enough so that the different mechanisms can be distinguished clearly
and a quantitative classification is possible. Fiber pull-outs and matrix fractures comprise of more than 90% of
all the defects detected at every force step
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Measurement principle of cone beam X-ray computed tomography (top picture). Fiber length distribution
functions of injection moulded polypropylene reinforced with 10 %, 30 %, 40 %, 50 % and 60 % glass fibers
measured quantitatively by XCT (picture in the centre). Main damage mechanisms in fiber reinforced polymers
detected by XCT: fiber pull-out, fiber fracture, fiber-matrix deboning and matrix cracks (bottom picture).
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SEPARATION OF AMORPHOUS AND SEMICRYSTALLINE AS WELL AS
NON-POLAR AND POLAR POLYOLEFINS WITH INTERACTIVE LIQUID
CHROMATOGRAPHY
Macko, Tibor, Brüll, Robert
Fraunhofer Institute for Structural Durability and System Reliability, Division Plastics, Group Material Analytics,
Schlossgartenstrasse 6, 64289 Darmstadt, Germany

Abstract
Polyolefins represent a big family of polymeric materials, which has found thousands of applications in our
everyday life. Their world-wide industrial production will reach 170 million tons in this year.
The practical applications require polyolefins with very different physical and chemical properties. As a
consequence, polyolefins from amorphous to semicrystalline character as well as from non-polar to polar
nature by incorporating corresponding comonomers are produced.
In the last 10 years various liquid chromatographic (HPLC) systems were identified, which enable selective
separations of polyolefins according to their chemical composition and or tacticity. Moreover, the chemical
composition distribution of the polyolefins may be experimentally determined with the chromatographic
methods. As a key advantage, chromatographic methods require often much less time and solvents per
analysis than conventional methods based on crystalinity or solubility, such as TREF, CRYSTAF or Holtrup’s
fractionation. Moreover, interactive HPLC enables to separate polyolefins over the full range of composition i.e.,
from 0 to 100 % of comonomer content, which is not at all possible with the previously mentioned conventional
methods.
Applications of HPLC and two-dimensional liquid chromatography on separation of various types of polyolefins
will be highlighted in the lecture.
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MORPHOLOGY AND MECHANICAL PROPERTIES OF THIN MULTILAYERED POLYETHYLENE/POLYPROPYLENE FILMS UNDERGOING
THERMAL AGEING
Mauri, Michele, Pisciotti, Francesco, Simonutti, Roberto
Dipartimento di Scienza dei Materiali, Via R. Cozzi 55, 20125, Milano, Italy
Tetra Pak Packaging Solutions AB, Ruben Rausings gata, 22186 Lund, Sweden

Abstract
In the framework of “more with less”, there is a drive for improving properties of polymer materials without
increased economic or environmental cost, often by using fillers, additives or chemo-physical treatments to
replace technical polymers or other materials using low cost commodity polymers.
We present a series of films produced by layer multiplying coextrusion with varying number of polypropylene
(PP) and polyethylene (PE) alternating layers. For fixed thickness (25 µm) and PP content (50%), mechanical
properties increase with the number of layers, reaching the tensile modulus value of a 100% PP control film
when layer thickness drops below 100 nm. [Fig. 1, left]. By ageing the films at 60 °C for 16 hours in air, a mild
condition for PP, mechanical properties of 3 layer samples tend towards values displayed by pristine 65 layer
samples, which in turn remain unaffected by the thermal ageing conditions used.
Mechanical properties of the PE control film are not affected by annealing, so the PP phase was studied in
detail to elucidate the microscopic mechanism that modulates the macroscopic properties of the film.
Differences in crystallinity, evaluated using differential scanning calorimetry (DSC) and Time Domain NMR (TDNMR), could not motivate the observed variations in tensile modulus. Namely, the TD-NMR estimate performed
with Magic Sandwich Echo (MSE) displayed 3% difference in rigid part between the 3 layer and the high
(65,257) layer films before annealing, and 1% or less difference in all other comparisons.
13C Magic Angle Spinning Solid State NMR (MAS-NMR) spectra of all samples, irrespective of layer thickness
and annealing, indicated PP is arranged in a partially disordered, smectic phase usually reported for films
crystallized with very large overcooling.
Much wider differences were instead detected by SAXS, that showed sharp reflections associated to PP
crystals only in samples with thin layers or after annealing. Also, measured values of SSNMR T1?, that
increase with the size of crystal domains, reflected this variation.
Overall, the experimental results describe PP in these multilayers as a mesophase composed of small and
easily reorganized crystals, with mechanical properties depending more from the size of crystal domains than
from their amount . The increase of local polymer mobility provided by PE/PP interfaces is sufficient to allow
reorganization of PP in the 65 layer system during or immediately after production. Where only 3 layers are
present, thickness is in the order of microns and the same reorganization can be achieved by mild thermal
treatment
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(left), Effect of aging PE/PP/PE multi-layered film samples at different number of layers; (right) comparison of
13C CP-MAS NMR spectra of pristine films with 65 and 3 layers. The methyl signal, zoomed in the inset, does
not present the splitting that is typically present in well formed a phases.
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MOLECULAR STRUCTURE OF THE LOW TACTICITY POLYPROPYLENE
FRACTIONS PRODUCED OVER ZIEGLER-NATTA CATALYSTS OF
DIFFERENT COMPOSITION
Nikolaeva Marina, Mikenas Tatiana, Mikhail Matsko, Soshnikov Igor, Zakharov Vladimir
Boreskov Institute of Catalysis, Prospekt Akademika Lavrentieva 5, Novosibirsk 630090, Russia,
nikami@catalysis.ru

Abstract
The use of stereoregulating electron-donor compounds within titanium–magnesium catalyst (internal donors –
ID) and compounds that are additionally introduced during polymerization along with organoaluminum
cocatalyst (external donors – ED) is the main method for controlling stereospecificity of these catalysts via
formation of isospecific active sites.
The preparative TREF method can be used to separate a polypropylene (PP) sample into individual fractions
with different stereoregularity. In this work, we studied the distribution of the fractions with different
stereoregularities of polypropylene produced over Ziegler-Natta catalysts with different composition. The
following catalysts were investigated: TiCl3, donor-free TiCl4/MgCl2 catalysts with different titanium contents
(0.1 and 3.5 wt%) and TiCl4/ID/MgCl2 catalysts (where ID is dibutyl phthalate). The effect of introduction of an
external donor during propylene polymerization on distribution of fractions with different stereoregularities was
also investigated for these catalysts.
All PP samples were fractionated in four different temperature ranges: F1 – atactic polypropylene (fraction
eluted at 30°C); F2 – semi-stereoregular polypropylene (fraction eluted at 31-94°C); F3 –stereoregular
polypropylene (fraction eluted at 96~107°C), and F4 – polypropylene with the highest stereoregularity (fraction
eluted at 108-130°C). The microstructures of the initial samples and their fractions were studied by GPC, 13C
NMR spectroscopy, and differential scanning calorimetry (DSC). Special focus was placed on the
microstructure of low-stereoregularity fractions F1 and F2. It was demonstrated that the lower the content of the
atactic fraction F1 (i.e., the higher stereospecificity of a catalyst), the lower the content of isotactic pentades in
the atactic fraction F1 for polypropylene synthesized over supported TiCl4/MgCl2 catalysts is (Figure 1a). The
low-stereoregularity fraction F2 does not show this tendency (Figure 1b). The TiCl3 catalyst stands out of this
series. Meanwhile, polypropylene with the highest stereoregularity (fraction F4) were shown to be virtually
absent in PP produced over donor-free TiCl4/MgCl2 catalysts, while TiCl3 and TiCl4/ID/MgCl2 catalysts give
rise to high amount of the highest isospecific polypropylene fraction.
This work was supported by the Russian Foundation of Basic Research (RFBR) according to the research
project No. 16-33-00563.
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Figure 1. The effect of catalyst composition on the content of low tacticity PP fractions and the content of
isotactic pentade in it: a) in the fraction F1 eluted by TREF method at 30°?; b) in the fraction F2 eluted by TREF
method at 95°? (where TMC-0.1 is donor-free TiCl4/MgCl2 catalyst with 0.1wt% of Ti, TMC – conventional
donor-free TiCl4/MgCl2 catalyst; TMC-ID – TiCl4/ID/MgCl2 catalysts).
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MOLECULAR CHARACTERIZATION OF FUNCTIONALIZED POLYOLEFINS
Prabhu, Kavimani Nagar, Wold, Christian, Vermeulen, Han, Van De Wetering, Karin,,
Boonman, Rob, Remerie, Klaas Tacx, Jacques Garg, Priya Ginzburg, Anton Macko, Tibor
Bruell, Robert
SABIC Global Technology Center P.O. Box 319, 6160 AH Geleen, The Netherlands;
SABIC Technology & Innovation, Plasticslaan 1, 4612 PX Bergen op Zoom, The Netherlands;
Fraunhofer Institute for Structural Durability and System Reliability, Division Plastics, Group Material Analytics,
Schlossgartenstrasse 6, 64289 Darmstadt, Germany.

Abstract
Functionalization opens new perspectives by addressing property gaps of polyolefins, such as compatibility
with polar materials. Improvements in this direction will foster novel developments in the field of multi-layer
films, composites (e.g., glass fiber filled polymer systems), anticorrosive coatings for metals, adhesives
applications, etc. Various techniques have been developed to characterize functionalized polyolefins, yet none
of these aims at their chemical heterogeneity [1,2]. Polypropylene graft maleic anhydride (PP-g-MA), commonly
synthesized via reactive extrusion, is one of the most widely used industrial graft copolymers. However, due to
the free radical nature of the synthesis several side reactions/products, which can indeed affect the application
properties of the material, are encountered. Our interest lies firstly in deformulating the products of reactive
extrusion (PP-g-MA) and secondly in understanding the conversion of PP-g-MA to PP-g-OH that has a different
application sector. Employing High Temperature High Performance Liquid Chromatography (HT-HPLC) in the
first dimension (with Silica or Mica as sorbent) and High Temperature Size Exclusion Chromatography (HTSEC) in the second dimension (with SDV as stationary phase) aids in deformulating PP-g-MA into a nongrafted (iPP, isotactic polypropylene) and grafted fraction (iPP-g-MA) (refer Fig.1a). This was confirmed by
analyzing the eluted fractions by infrared spectroscopy [3]. Using on-line infrared detection delivers quantitative
information on the compositional and molar mass parameters of the individual fractions. We applied acid-base
titration, which is the most versatile approach to determine the average graft MA wt. % content in PP-g-MA
quantitatively [4]. Nevertheless, the prime intention for employing titration is to define calibration standards for
HT 2D-LC and to quantify the content of unreacted MA (refer Fig.1b). To monitor the conversion of PP-g-MA to
PP-g-OH and identify possible side products we employed NMR. In summary, HT 2D-LC, NMR and titration
help in separating and quantitatifying the homopolymer, graft copolymer, the effective content grafted material
and unreacted MA in functionalized polyolefins.
References
[1] M.W.R. Brown et al., Reactive processing of polymers, Rapra Technology Limited, first ed., Smithers Rapra
Publishing, UK, 1994.
[2] B.De Roover et al., Characterization of maleic anhydride functionalized polypropylene, Journal of Polymer
Science: Part A: Polymer Chemsitry, 33, 1995, 829-842.
[3] K.N. Prabhu et al., Separation of maleic anhydride grafted polypropylene using multidimensional hightemperature liquid chromatography, Journal of Chromatography A, 1441, 2016, 96-105.
[4] M. Sclavons et al., Quantification of the maleic anhydride grafted onto polypropylene by chemical and
viscometric titrations, and FTIR spectroscopy, Polymer, 41, 2000, 1989-1999
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ROLE OF ETHYLENE-PROPYLENE COPOLYMER ON MECHANICAL
PROPERTY, CRYSTALLIZATION AND PHASE-SEPARATION OF IMPACTRESISTANT POLYPROPYLENE COPOLYMER
Rungswang, Wonchalerm
SCG Chemicals Co., Ltd, Siam Cement Group (SCG). 10 I-1 Road, Map Ta Phut Industrial Estate, Muang
District, Rayong Province 21150, Thailand

Abstract
For decades, impact-resistant Polypropylene Copolymer (IPC) has been contributed as commercial polyolefinic
resin in several industries. However, the fundamentally understanding the role of its ethylene-propylene (EP)
copolymers, i.e. random (EPR) and segmental-copolymers (sEP), on the properties of IPC has been limited.
Here, we reveal how the sEP performs as the key for controlling the uniaxially-tensile resistance of IPC which
the P-rich sEP prolongs the failure at high strain.[1] Apart from mechanical property, the EP copolymers also
influence the IPC morphology and its crystallization in melt. The size of EPR droplet substantially increases as
increased the ethylene content, and this suggests the modification of liquid-liquid phase-separation which the
EP copolymers play the role.[2] Lastly, the phase-separation of the IPC in solution has been examined by X-ray
scattering techniques which in-situ temperature controlled experiment with synchrotron X-ray source was
performed. The results showed that the sEP in involved to the stability of the phase that the phase-separation
temperature is depressed or suppressed at high sEP content.[3]

[1] Rungswang, W.,* Saendee, P., Thitisuk, B., Pathaweeisariyakul, T., Cheevasrirungruang, W. J. Appl.
Polym. Sci. 2012, 128, 5, 3131-3140.
[2] Santonja-Blasco, L., Rungswang, W., Alamo, R. G.* “Influence of Chain Microstructure on Crystallization
and LLPS of Dual Reactor Ziegler-Natta Made Impact Propylene Ethylene Copolymers (IPC)” In Submission.
[3] Rungswang, W.,* Jarumaneeroj, C., Pecharat, N., Soontaranon, S., Rugmai, S. “Phase-separation of
Heterophasic Polymer in Solution: A Model Case of Impact-resistant Polypropylene Copolymer” In Submission.
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REACTION PERFORMANCE CHARACTERIZATION OF SINGLE- AND
MULTI-SITE TYPE CATALYSTS: ESTIMATION OF KINETIC PARAMETERS
BASED ON BENCH-SCALE POLYMERIZATION EXPERIMENTS
Touloupidis, Vasileios, Albunia, Alexandra, Galgali, Girish
Modelling & Simulation, Borealis Polyolefine GmbH, St.-Peter-Straße 25, 4021 Linz, Austria
LPPO SPPR, Borealis Polyolefine GmbH, St.-Peter-Straße 25, 4021 Linz, Austria

Abstract
Catalyst is the heart of polymerization process. Along with polymerization conditions (temperature, pressure,
concentrations, reactor type, feed policy, etc.), the catalyst determines operation limits in terms of
polymerization yield, polymer microstructure (molecular weight distribution (MWD), comonomer composition
distribution (CCD), long chain branching (LCB), isotacticity, etc.), particle morphology and particle size
distribution. Catalyst reaction performance refers to the distinctive features that are able to describe the
observed polymerization activity profile (distinguishing and excluding possible secondary morphology effects)
and microstructure of the polymer produced. These characteristics include the kinetic parameters (governing
the reaction kinetic scheme the catalyst induces) and the number and initial weight fraction of site types (when
referring to multi-site type catalysts kinetic parameters per site type should be identified). This work presents an
integrated and applied approach for catalyst reaction kinetic parameters estimation based on bench-scale
polymerizations, combining polymer reaction engineering and deconvolution modelling. The method was
applied for both single- and multi-site type catalysts and succeeded in accurately explaining the experimentally
observed activity profile and polymer microstructure, extracting the corresponding kinetic parameter values.
References
Chen K., Mehdiabadi S., Liu B., Soares J.B.P., 2016, ‘Estimation of Apparent Kinetic Constants of Individual
Site Types for the Polymerization of Ethylene and a-olefins with Ziegler–Natta Catalysts’, Macromol. React.
Eng., DOI: 10.1002/mren.201600003.
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A UNIVERSAL APPROACH FOR SUCCESSIVE SELF NUCLEATION AND
ANNEALING (SSA) TESTS ON POLYPROPYLENE.
Tranchida Davide, Stöckel Sandra, Schwarz Philipp
Borealis GmbH, St. Peter-Strasse 25, 4031, Linz, Austria

Abstract
Thermal fractionation methods, in particular Self Nucleation and Annealing (SSA) and step crystallization (SC)
are valid complimentary techniques to standard fractionation methods. The advantages of SSA over SC that
are often cited involve mostly the lower time required for SSA and its increased sensitivity. Concerning in
particular the application to isotactic polypropylene, iPP, one has to note that polypropylene- based systems
are often nucleated. Nucleating agents influence the crystallization during the isothermal steps of SC and as a
result the final melting endotherm can be different from the one that would be obtained for the same
microstructure without nucleating agents. SSA, exploiting self-nucleation that is known to be the most effective
kind of nucleation, is instead able to neutralise/overcome the effects of the presence of nucleating agents.
However, the application of SSA to iPP is made complicated by the relatively slow crystallization kinetics of iPP
and the wide variety of microstructures and comonomers used, which make it somewhat difficult to find a
general approach. As mentioned by Müller and coworkers in a recent paper, the correct choice of the selfseeding temperature is crucial, quote: “This last variable is extremely important and is often overlooked in the
literature” (Polymer 2015, 65, 132-154).
In this work, an approach has been developed to easily design the SSA experiment. An example will first be
shown of the application of SC to a commercial iPP sample and to the same nucleated sample to show how
results can change due to nucleation. A large number of iPP-based systems were afterwards used to try and
identify a general procedure to carry on SSA on iPP. The same samples used for the case study of SC were
also measured by SSA, showing that the identified procedure allows one to obtain the same final melting
thermogram, which is correctly related to the microstructure of the sample only. In addition, case studies will be
shown to highlight the sensitivity of SSA to parameters like molecular weight and isotacticity of iPP samples.
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STUDY ON DEFORMATION BEHAVIORS OF AMORPHOUS AND
CRYSTALLINE COMPONENTS IN POLYPROPYLENE NANOCOMPOSITES
DURING TENSILE TEST USING RHEO-OPTICAL NEAR-INFRARED
SPECTROSCOPY
Watanabe Ryota, Shinzawa Hideyuki, Mizukado Junji, Suda Hiroyuki, Hagihara Hideaki, Sato
Hiroaki
Research Institute for Sustainable Chemistry, National Institute of Advanced Industrial Science and Technology
(AIST), 1-1-1 Higashi, Tsukuba 305-8565, Japan

Abstract
We have recently developed PP functionalized with hydroxyl groups (PPOH) and PPOH nanocomposites meltmixed with monodisperse silica nanospheres (SNS). The incorporation of SNS noticeably improves the
mechanical properties of the mixture. Hydrogen bonding interactions between hydroxyl groups of the PPOH
and silanol groups on the SNS surface seems to enhance the filler-matrix interfacial adhesion of the
SNS/PPOH. However, the detailed reinforcement mechanism of SNS/PPOH as it pertains to its filler-matrix
interfacial adhesion is not fully understood.
Rheo-optical characterization can provide information on the molecular-level deformation behavior of polymers
undergoing transient structural changes during mechanical processes. We previously introduced rheo-optical
techniques based on near-infrared (NIR) spectroscopy, which was used to reveal the molecular-level
differences in the tensile deformations of crystalline and amorphous components in semicrystalline polyolefins.
Rheo-optical characterizations of nanocomposites with well-controlled chemical structures can clarify the
effects of the filler-matrix interfacial adhesion, and provide useful information about the reinforcement
mechanism.
Herein, we aimed to provide a better understanding of the reinforcement mechanism by combining results
obtained from rheo-optical NIR measurements, tensile tests and dynamic mechanical analyses (DMA) of the
PPOH nanocomposites with varying chemical structure in the filler-matrix interface. Two types of model
nanocomposites were fabricated; (i) SNS/PPOH and (ii) PPOH nanocomposite melt-mixed with SNS modified
with a cationic surfactant (CTAB, cetyltrimethyl ammonium bromide) denoted as mSNS/PPOH. Tensile tests
and DMA revealed that the yield strength and elastic modulus of SNS/PPOH were higher than those of
mSNS/PPOH, maybe owing to greater filler-matrix interfacial adhesion of SNS/PPOH compared to
mSNS/PPOH. The deformation behaviors of amorphous and crystalline components in the nanocomposites
were evaluated by rheo-optical NIR measurements combined with 2D correlation spectra. The amorphous
chains and crystalline lamellae of pure PPOH were deformed in multiple stages, in that the amorphous chains
were deformed prior to the crystalline lamellae being deformed. On the other hand, the amorphous and
crystalline components of the nanocomposites tended to deform simultaneously, more noticeably for
SNS/PPOH. The interaction between the silanol groups on the SNS surface and the hydroxyl groups present in
the amorphous chains of PPOH strongly restricts the mobility of the amorphous chains in PPOH. The
amorphous chains then tend to deform along with the crystal lamellae attached to the amorphous chains during
tensile testing. The synchronous deformation of amorphous chains and crystalline lamellae during tensile
testing would result in highly improved yield strength and elastic modulus of the SNS/PPOH. Moreover, the
mobility restriction of the amorphous chains was decreased by modification of the SNS with CTAB, resulting in
the relatively low reinforcement of mSNS/PPOH. Thus, the reinforcement mechanism of these different polymer
nanocomposites was demonstrated by evaluating newly developed SNS/PPOH and mSNS/PPOH with rheooptical NIR spectroscopy.
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Schematic of reinforcement mechanism of PPOH nanocomposites.
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RECENT ADVANCES IN POLYOLEFIN CHARACTERIZATION WITH
FRACTIONATION TECHNIQUES
Zhang, Zengrong
Centre for Applied Research, NOVA Chemicals Corporation, 2928 - 16th Street NE, Calgary, Alberta, Canada
T2E 7K7

Abstract
Structural parameter determination is essential to understanding physical properties and end-use applications
of polyolefin resins. These structural parameters are molecular weight, molecular weight distribution, short
chain branching, short chain branching distribution, long chain branching, and long chain branching distribution.
A number of tools have been developed and widely used for polyolefin characterization to gain access to the
above structure parameters. Analytical fractionation has played an important role in polyolefin characterization.
Although many efforts and great progress has been made, there are still challenges in some cases for
polyolefin characterization with analytical fractionation. For example in size-exclusion chromatography (SEC),
the challenges for copolymer analysis are to accurately determine the concentration and molar mass of the
eluting polymer at each slice. In this presentation, the recent development in SEC to address these challenges
will be discussed. The new development results in improved and/or new methods for polyolefin
characterization.
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COMPARING TGIC AND SGIC FOR ANALYSING THE CCD OF THE
XYLENE SOLUBLE FRACTION IN HETEROPHASIC POLYPROPYLENE
Albrecht, Andreas, Prades, Floran, Pasch, Harald
Borealis Polyolefine GmbH, St. Peter-Strasse 25, 4021 Linz, Austria

Abstract
Information about the molar mass distribution (MWD) and the chemical composition distribution (CCD) of the
xylene soluble fraction in heterophasic polypropylene (Heco-PP) are essential for a proper understanding of the
final properties of Heco-PP. The impact resistance at low temperature can be significantly improved by adding
e.g. ethylene-co-octene (EO) elastomers.
In industry the xylene soluble fraction in Heco-PP is normally characterised by IR or 13C NMR spectroscopy to
determine the average chemical composition. GPC or viscosimetry (IV) are used for the determination of the
average molecular weight or the molecular weight distribution (MWD). The determination of the chemical
composition distribution solely with spectroscopic techniques is not possible. Due to the complete solubility of
the amorphous fractions of Heco-PP at low temperature, crystallisation-based techniques like temperature
rising elution fractionation (TREF) or crystallisation analysis fractionation (CRYSTAF) are not capable of
fractionating these fractions further.
Interaction chromatography (IC) using graphitized carbon black as stationary phase is able to separate
amorphous polyolefin fractions by adsorption-desorption effects. Two different techniques, solvent gradient
interaction chromatography (SGIC) and temperature gradient interaction chromatography (TGIC) , which are
controlling the interaction strength by either changing the temperature (TGIC) or the solvent strength (SGIC),
have been used to separate the amorphous fractions in Heco-PP.
In this presentation the capabilities of TGIC and SGIC to separate and characterise the chemical heterogeneity
of the amorphous fractions of Heco-PP containing different types of copolymers (EP and EO or EB) and low
molecular weight homo-PP and atactic-PP are investigated. Elution regions with co-elution and without coelution were determined in respect to the corresponding comonomer type and content. Differences between
TGIC and SGIC in the separation of EO and EP copolymers are presented and discussed.
i T. Macko and H. Pasch, Macromolecules, 2009, 42 (16), 6063-6067
ii R. Cong, W. deGroot, A. Parrot, W. Yau, L. Hazlitt, R. Brown, M. Miller, Z. Zhou, Macromolecules, 2011, 44,
3062-3072.
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PREPARATIVE MOLAR MASS FRACTIONATION (MMF) APPROACH FOR
THE ANALYSIS OF BRANCHED POLYETHYLENE
Eselem-Bungu, Paul, S, Pasch, Harald
Department of Chemistry and Polymer Science, University of Stellenbosch, Private Bag X1, 7706 Matieland,
South Africa

Abstract
Polyethylenes, PE, have gained increasing popularity for decades due to their diverse use in applications such
as shopping bags, thin films, water pipes, electrical insulators, injection moulding, etc. Their applications are
directly linked to their physical properties, which are governed by molecular parameters such as molar mass,
molar mass distribution, molecular architecture (branching, comonomer content, chemical composition, etc.)
and architectural distributions. Understanding the association between polymerisation conditions and the
properties of the material formed is of utmost importance when designing materials for specific rheological end
use. Preparative TREF has been intensively used in fractionating polymeric materials to obtain fractions that
differ in microstructure (branching and comonomer content) as well as crystallinity.1- Coupling TREF to other
analytical techniques such as SEC, DSC, HT-HPLC and 2D-LC provide structural changes within the polymer
matrix, which is directly linked to the observed changes in the physical properties.2-5
The use of preparative molar mass fractionation (MMF) as an analytical technique was reported by Jørgensen
et al. on poly(ethylene-co-1-butene) copolymers.5 However, this technique has not yet been fully exploited in
all areas of polyolefin analysis especially when coupled to the most recent advanced techniques like HT-HPLC
and 2D HPLC-SEC. In this presentation, the use of preparative molar mass fractionation as an analytical
approach for analysing branching (LCB and SCB) in branched PE will be highlighted. MMF is then coupled with
other advanced analytical techniques which will aid in telling the microstructural differences in different
materials produced under different polymerization conditions.
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MAPPING THE DRUG DISTRIBUTION PREFERENCE IN HETEROGENIC
MICROPARTICLES USING CONFOCAL RAMAN
Fan, Yan Liang, Lui, Yuansiang, Loo, Say Chye Joachim
School of Material Science and Engineering, Nanyang Technological University, Singapore

Abstract
Confocal Raman mapping, a tool measuring the intrinsic property of the material without destroying the
product, has been widely used in material characterization of various drug-carrying microparticles. Here, the
application of confocal Raman mapping was further explored to the new emerging class of drug-carrier: Janus
particle. The heterogeneous composition of Janus particle leads to its unique advantages as drug carrier in
terms of segregation of the active payload and simultaneous delivery of distinctively different drugs. However,
the-state-of-the-art synthesis methods requires either sophisticated equipment or multiple processing steps.
The scalability and precise control of Janus morphology while loading drug remains a challenge. We recently
developed one-step synthesis method of biodegradable Janus particle loaded with drug. The composite particle
was made of poly(lactic-co-glycolic) acid (PLGA) and polycaprolactone (PCL), with an average diameter of 100
µm. Our method fabricated both Janus particle and core-shell particle, as a counterpart, loaded with 10%
glibenclamide (GLN) with 100% encapsulating efficiency. Scanning electron microscopy image showed the
Janus particle contained two hemisphere compartments, and confocal Raman microscopy confirmed each
compartment was composite by PLGA or PCL with GLN’s presence. As a drug carrier, Janus particle showed
zero-order release of GLN with 48.3% cumulative release on day 30. Its release profile displayed
characteristics peaks from both PLGA and PCL monolayer microparticle loaded with equivalent amount of
GLN. But, Janus particle showed better inhibition on burst release in comparison to the core-shell
microparticles. On day 3, GLN cumulative released amount from core-shell particle was 23% higher than Janus
particle. To understand this interesting phenomenon, drug distribution was investigated to using confocal
Raman mapping at the borderline region of PLGA and PCL. Mapping result showed GLN was distributed in
both PCL and PLGA region. However, the intensity of GLN was slightly higher in PCL region, suggesting GLN
may have a preference in PCL over PLGA region. Such preference of drug distribution possibility explains the
low-burst release profile of Janus particle. In summary, our results showcased that confocal Raman mapping
can be a critical tool aiding drug distribution and release profile study.
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ASYMMETRIC FIELD-FLOW FRACTIONATION (AF4) COUPLED WITH
MULTI-ANGLE LIGHT SCATTERING (MALS) AND SINGLE PARTICLE ICPMS: DETERMINATION OF NUMBER BASED PARTICLE SIZE
DISTRIBUTION
Heinzmann Gerhard, Tadjiki Soheyl, Klein Thorsten
R&D Department, Postnova Analytics GmbH, Max-Planck-Str. 14, 86899 Landsberg, Germany

Abstract
Field-Flow Fractionation (FFF), invented in 1966, has become a reliable analytical tool for the separation and
comprehensive characterization of synthetic and biological macromolecules, proteins and nanoparticles.
Four different FFF techniques are commonly used today: Asymmetric Flow FFF (AF4), Centrifugal FFF (CF3),
Thermal FFF (TF3) and Gravitational FFF (SPLITT-FFF). By coupling the FFF systems to suitable Light
Scattering (LS) Detectors – such as Multi-Angle Light Scattering Detectors (MALS) and Dynamic Light
Scattering Detectors (DLS) - and concentration detectors such as UV- and Refractive Index Detectors the
molecular weight distribution, molecular structure, molecular composition and size distribution of polymer and
particle samples can be measured as well as aggregation and size of proteins, antibodies and virus particles.
Regarding nanoparticle samples the size distribution and simultaneous chemical identification can be achieved
when coupling the FFF systems to an ICP-MS instrument.
Asymmetric Flow FFF (AF4) is the most universal FFF separation system that can be used both with aqueous
and organic solvents and for the characterization of synthetic polymers, biopolymers, proteins and
nanoparticles.
Using the technique of FFF coupled to single particle ICP-MS number based particle size distributions of
nanoparticles can be measured. An example for the determination of number based particle size distributions
of gold nanoparticles will be presented.
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Determination of Number based Particle Size Distribution with FFF-spICP-MS
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MULTIDETECTOR THERMAL FIELD-FLOW FRACTIONATION: A
POWERFUL CHARACTERISATION PLATFORM FOR MACROMOLECULAR
AND COLLOIDAL SYSTEMS
Greyling, Guilaume, Pasch, Harald
Department of Chemistry and Polymer Science, Stellenbosch University, Stellenbosch 7602, South Africa

Abstract
The characterisation of polymers regarding different molecular parameters are routinely performed by
traditional column-based techniques such as size exclusion chromatography (SEC) and various other types of
liquid interaction chromatography. However, column-based techniques have significant limitations in the
characterisation of high molar mass and fragile compounds as these are susceptible to shear degradation
caused by interaction with the stationary phase and column frits.
Thermal field-flow fractionation (ThFFF) is an open channel-based fractionation technique that applies a
temperature gradient perpendicular to a carrier liquid (mobile phase) flowing freely through the channel in order
to separate analytes according to size, chemical composition and microstructure. ThFFF is a powerful
alternative to traditional column-based techniques as the relatively gentle fractionation conditions and absence
of a stationary phase allows for the characterisation of high molar mass and fragile compounds without shear
degradation taking place. Additionally, ThFFF simultaneously separates analytes according to size and
chemical composition thus circumventing the need for complex 2D or hyphenated approaches in order to
obtain both size and chemical composition distributions.
This contributions aims to highlight the remarkable capabilities of a multidetector ThFFF approach to
characterise not only polymers but also fragile polymer self-assemblies (such as micelles and vesicles) in terms
of various molecular parameters such as size, chemical composition and microstructure. This is shown by the
microstructure-based separation of 1,2- and 1,4- polybutadiene, isotactic and syndiotactic PMMA as well as the
separation of micelles according to corona composition.
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CHARACTERIZATION OF ENGINEERING THERMOPLASTICS USING
ULTRA-HIGH-PRESSURE TWO-DIMENSIONAL LIQUID
CHROMATOGRAPHY
Uliyanchenko, Elena, Rommens, Stijn, Pourtier, Charlotte
SABIC, Analytical Technology, Plasticslaan 1, 4600 AC Bergen op Zoom, The Netherlands

Abstract
Plastic materials can be found everywhere in our daily life. Their application range is rapidly expanding
covering very demanding industries such as aerospace, healthcare, building and construction, etc. In order to
meet multiple stringent requirements for each particular application, polymer formulations become increasingly
complex incorporating multiple types of macromolecules as blends or as copolymers. In order to fully
understand the properties of such complex materials and link them to the performance in the final application,
the information on molecular distributions (molecular weight, chemical composition, end-group, etc.) present in
the polymer sample is essential. Common analytical techniques such as size-exclusion chromatography or
gradient-elution liquid chromatography can provide information only on one polymer distribution. This is often
not sufficient to reveal complex structure of modern plastic materials possessing multiple distributions
simultaneously. Comprehensive two-dimensional liquid chromatography (LC×LC) offers possibility to separate
materials based on two different properties. From LC×LC chromatograms the information on mutual
dependence of two polymer distributions can be deduced providing data that can be linked to material
properties. Typically, a comprehensive LC×LC setup uses fast SEC (wide-bore short columns with separation
time of 2-3 min) in the second dimension. Because of long total analysis time (several hours), limited resolution
and large solvent consumption (often more than 1 L per run) this technique cannot be standardly applied in
industry. The usage of ultra-high pressure SEC (UHPSEC) in the second dimension can offer some
advantages. UHPSEC allows decreasing second-dimension analysis time down to 1 min and therefore
shortening the total analysis time, improving resolution and reducing solvent consumption. This presentation
will cover advantages and limitations of LC×UHPSEC. This technique will be compared with conventional
LC×LC approach and suggestions on potential scope of applications for LC×UHPSEC will be made. It will be
shown how LC×UHPSEC can be applied to understand behavior of engineering plastics during processing and
to improve material formulations.
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A NEW FRONTIER IN POLYSACCHARIDES CHARACTERIZATION:
INTRODUCING THE TIME VARIABLE IN ANALYTICAL PYROLYSIS
Mattonai, Marco, Ribechini, Erika,
Dipartimento di Chimica e Chimica Industriale, Via G. Moruzzi 13, 56124 Pisa, Italy

Abstract
Biomass is the resource we look at when we think of a greener, more sustainable future in the fields of biofuels
and value-added chemicals. The exploitation of biomass requires a deep knowledge of its main components:
polysaccharides and lignin. Polysaccharides characterization is a constantly growing and improving research
field.
Among the various techniques, analytical pyrolysis coupled to gas chromatography (Py-GC/MS) offers the
advantages of no sample preparation and extensive control over the experimental parameters. This technique
can replicate large-scale systems using very small sample quantities. Moreover, the recent introduction of insitu derivatization [1] provides high-quality results in terms of peak shape and resolution. The main downside of
analytical pyrolysis is the complexity of the results, since carbohydrates undergo a high number of parallel
reactions and generate many different products. Moreover, the use of a derivatizing agent has usually the
effect of producing partially derivatised species, and therefore even more complex chromatograms. Recent
developments in the instrumentation for analytical pyrolysis allow us to implement a fundamental, yet
previously elusive variable: time [2].
In the present work, we analyzed standard samples of mono-, oligo- and polysaccharides in the presence of a
derivatizing agent and varying the pyrolysis time from 0.2 to 60 minutes. The results provided new insights into
the pyrolysis mechanisms of carbohydrates. Primary and secondary pyrolysis reactions were outlined by
calculating the yields of the pyrolysis products at different times. In addition, we found that longer pyrolysis
times increased the average derivatization degree of the products, generating simpler and more resolved
chromatograms. The present work shows the high potential of a new Py-GC/MS technique, and provides
fundamental information on the thermal degradation mechanisms of polysaccharides
[1] D. Fabbri, G. Chiavari, Analytica Chimica Acta 449 (2001) 271-280
[2] M. Mattonai, D. Tamburini, M. P. Colombini, E. Ribechini, Anal. Chem. 88 (2016) 9318-9325
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SIMULTANEOUS DECONVOLUTION OF BIVARIATE MOLECULAR
WEIGHT AND CHEMICAL COMPOSITION DISTRIBUTION OBTAINED
FROM TREF×GPC CROSS-FRACTIONATION CHARACTERIZATION (CFC)
OF ETHYLENE/1-OLEFIN COPOLYMERS
Hornchaiya, Chat, Anantawaraskul, Siripon, Mehdiabadi, Saeid, Soares, Joao B.P.
Center of Excellence on Petrochemicals and Materials Technology, Department of Chemical Engineering,
Faculty of Engineering, Kasetsart University, Bangkok 10900, Thailand
Center for Advanced Studies in Nanotechnology and Its Applications in Chemical, Food and Agricultural
Industries, Kasetsart University, Bangkok 10900, Thailand
Department of Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta T6G 1H9,
Canada

Abstract
Ethylene/1-olefin copolymers produced with multiple-site-type Ziegler–Natta catalysts exhibit broad molecular
weight distribution (MWD) and chemical composition distribution (CCD) because each active site type has a
different set of polymerization kinetic constants and produces polymer chains with different microstructures.
Characterization techniques can provide the information on chain microstructures of polymers produced on all
active site type but cannot directly measure chain microstructures of polymers produced on each active site
type. However, this information and effect of polymerization conditions on the active site type are important for
controlling polymer structures and properties.
Deconvolution is a technique to help identify the number of active site types and mass fraction and chain
microstructures of polymers produced on each active site type. Several works investigated deconvolution of
MWD obtained from gel permeation chromatography (GPC) and deconvolution of CCD obtained from
temperature rising elution fractionation (TREF) or crystallization analysis fractionation (CRYSTAF).
Unfortunately, it has been reported that separated deconvolution could lead to the inconsistency on the number
of active site type because some of the site types may have similar molecular weight but different comonomer
contents and vice versa. The concept of simultaneous deconvolution has been proposed to avoid this
inconsistency and systematically tested with the simulation data but has not yet been verified and applied with
the actual experimental data.
Recent development in automated TREF×GPC cross fractionation characterization (CFC) allows the estimation
of bivariate molecular weight and chemical composition distribution (MWD×CCD). Therefore, it is possible for
the first time to perform the simultaneous deconvolution of experimental MWD×CCD and systematically
investigate the effect of polymerization conditions on chain microstructures of polymers produced on each
active site type.
In this work, simultaneous deconvolution of experimental MWD×CCD obtained from CFC was investigated. The
results from CFC were first calibrated using a series of standard ethylene/1-olefin copolymers made with single
site type metallocene. The binary and ternary blends of copolymers with known composition were used to
validated the simultaneous deconvolution. The proposed simultaneous deconvolution procedure was then
applied to ethylene/1-olefin copolymers produced from Ziegler-Natta catalysts at various polymerization
conditions (e.g., polymerization temperature, comonomer feed) to help us understand the effect of
polymerization conditions on chain microstructures of polymers produced from each active site type.
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AN ALTERNATIVE METHOD TO QUANTIFY LONG CHAIN BRANCHING IN
POLYETHYLENE BY GEL PERMEATION CHROMATOGRAPHY.
Pathaweeisariyakul, Thipphaya, Narkchamnan, Kanyanut, Thitisak, Boonyakeat, Yau, Wallace,
W.
SCG Chemicals Co., Ltd., 1 Siam Cement Rd., Bangsue, Bangkok, 10800, Thailand
Polymer Characterization Consultant, 7755 Tim Tam Ave., Las Vegas, NV 89178, USA

Abstract
The method to quantify long chain branching (LCB) from gel permeation chromatography with triple detectors
(GPC-3D) has been aimed for the measurement of a quantity known as the LCB frequency (LCBf, or the
number of LCB per 1000 carbon) described in the Zimm-Stockmayer (ZS) random branching model.[1]
However, the LCBf values often contain high variation, especially at low level of LCB. An alternative, more
precise approach has been studied and reported in this work. The estimated g-factor (gest) can be calculated
by using the high precision method of the gpcBR approach.[2-3]
In this work we focus on the use of another branching index that describes the average number of LCB per
molecule, known as the branching B-factor in the ZS theory. Based on the support from both experimental and
theoretical considerations, it is found that the branching B-factor is more relevant than LCBf in relating to
polymer properties. In this study, we use this approach to categorize and quantify number of LCB in various
grades of commercial Low density polyethylene (LDPE) and polymer with very low level of LCB, that is, a
commercial HDPE with no LCB, converted into several branched test samples of gradually increasing LCB by
multiple extrusion.
References
1. Zimm B. H.; Stockmayer W. H. J., J. Chem. Phys. 1949, 17, 1301-1314.
2. Pathaweeisariyakul T.; Narkchamnan K.; Thitisuk B.; Yau W., J. Appl. Polym. Sci. 2015, 132, 42222
3. Pathaweeisariyakul T.; Narkchamnan K.; Thitisak B.; Rungswang W.; Yau W., Polymer 2016,107, 122-129.

59/133

3. Advanced mass spectrometry of polymers

Oral presentation 36

POLYMER CHARACTERIZATION BY HIGH-RESOLUTION MALDI-TOF MS
AND MALDI-TOF MS COUPLED WITH LIQUID CHROMATOGRAPHY
Uliyanchenko, Elena, Wold, Christian, Rommens, Stijn
SABIC, Analytical Technology, Plasticslaan 1, 4600 AC Bergen op Zoom, The Netherlands

Abstract
Mass spectrometric analysis of polymers and, in particularly, analysis by matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) can provide valuable information on
polymer chain structure, such as chemical composition, type of end-groups, molecular weight, etc. When
chromatographic separation precedes the MALDI analysis, this combination becomes a powerful
characterization tool for macromolecules. LC fractionation ensures that narrowly distributed samples (in terms
of molecular weight or chemistry) are subjected to MALDI analysis. This reduces a number of negative effects
in MS, such as ion suppression and mass discrimination helping to obtain more-accurate mass-spectral
information. Because MALDI itself suffers from poor quantification abilities, other detectors can be connected to
LC system in order to provide quantitative data on separated peaks, while MALDI supplies important structural
information.
In this presentation we will show how MALDI alone and MALDI coupled with LC (off-line or semi-on-line) can
address real analytical challenges in characterization of industrial polymers. We demonstrate possibilities of
high-resolution Spiral TOF MALDI MS capable of providing mass resolution up to 80 000 to obtain detailed
structural information on polymeric samples including end-group type, chemical composition, molecular weight.
We will discuss how the information provided by this technique can be used in the development of new
materials or for the polymer production process improvement.
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MASS SPECTROMETRIC QUANTITATIVE ANALYSIS OF PHOSPHORUSEND CAPPED FUNCTIONAL MONODISPERSED POLYMERS IN BULK AND
ULTRATHIN FILMS
Gianotti Valentina, Sparnacci Katia, Antonioli Diego, Laus Michele, Perego Michele, Gianmaria
Tommaso Jacopo Seguini Gabriele
Dipartimento di Scienze e Innovazione Tecnologica (DISIT), Viale T. Michel 11, Università del Piemonte
Orientale “A. Avogadro”, INSTM, UdR Alessandria, 15121 Alessandria, Italy
Laboratorio MDM, IMM-CNR, Via C. Olivetti 2, 20864 Agrate Brianza (MB), Italy

Abstract
Monodispersed functional polymers comprising phosphorus-containing moieties as end groups may find new
and exciting applications in polymeric brush-based technologies for precision design of functional interfaces [13], including spatially resolved interfaces, and deterministic doping. For these highly demanding applications, it
is essential to develop new analytical approaches able to deep into the structure of the polymeric material at
different sample size scales, i.e. from the bulk to ultrathin films.
For end-functional polymers, the end capped phosphorous amount depends on the length of the polymer chain
and decreases as the polymer chain length increases. Accordingly, a technique able to afford independent
information on the phosphorous amount and on the polymer chain length at different sample scale size would
be highly valuable.
A combination of MALDI-TOF and an hyphenated method based on thermal gravimetric, gas chromatographic
and mass spectrometric analyses (TGA-GC-MS) is proposed for the quantitative analysis of diethylphosphateend capped polymers with varying chain length, in bulk and as ultra thin film. The method fully calibrated and
validated, revealed a powerful and affordable tool in the determination of the amount of phosphorous in
polymeric samples but also it allows the determination of the number of repeating units per chain end.
Compared to the common techniques, namely NMR spectroscopy and ICP-MS, no sample pretreatments are
required. Consequently, polymeric films supported on inert substrates can be directly analyzed by TGA-GC-MS
The quantitative calibration, obtained for bulk materials, was demonstrated to be accurate also for films of
different thickness. In this frame, the method revealed highly sensitive thus allowing the phosphorous
determination even in ultrathin films with thickness of few tens of nanometers.
Finally, the chromatographic profile of the species evolving during the thermal degradation was found to
depend on the polymeric film thickness. This implies that information concerning the polymer stability and
degradation mechanism at different size scale can be obtained.
Considering the widespread interest for thin and ultrathin films of polymers containing phosphorous groups for
brush-based technologies, the proposed method can be helpful in various areas, including flame retardant
material, healthcare and medicine, microelectronic, for facile and precise
[1] Gianotti V et al. (2014) Characterization of ultra-thin polymeric films by Gas chromatography-Mass
spectrometry hyphenated to thermogravimetry. J Chromatogr A 1368:204–210. doi:
10.1016/j.chroma.2014.09.073
[2] Giammaria TJ et al. (2016) Micrometer Scale Ordering of Silicon-Containing Block Copolymer Thin Films via
High Temperature Thermal Treatments. ACS. Appl. Mater. Interfaces 2016, 8, 9897–9908
[3] Ceresoli M et al. (2015) Neutral wetting brush layers for block copolymer thin films using homopolymer
blends processed at hight temperatures. Nanotechnology 26:415603. doi: 10.1088/0957-4484/26/41/415603
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TGA-GC-MS chromatograms corresponding to m/z signals extracted from the full-scan data recorded for FS5P and FS5-OH.
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END GROUP CHARACTERIZATION OF MODIFIED POLYETHYLENE BY
HYPHENATED HIGH RESOLUTION MASS SPECTROMETRIC
TECHNIQUES
Toshifumi Kakiuchi, Yuka Nagagata, Kei Ishitsuka
Asahi Glass Co., Ltd. Innovative Technology Research Center, 1150, Hazawa-cho, Kanagawa-ku, Yokohama,
Kanagawa, 221-8755, Japan

Abstract
End group modification of polyolefin with precise polymerization has been widely attempted recent years,
targeting to provide new function to the polymer keeping with conventional property. In order to comprehend
the reaction mechanism and the contribution to the polymer property, precise characterization of end group is
indispensable.
Matrix assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOFMS) has become a
common tool for polymer characterization. A recently developed MALDI-TOFMS composed of a spiral ion
trajectory (spiral-TOFMS) has higher mass resolving power than conventional instruments, allowing to separate
the peaks of isobaric components [1]. Taking advantage of the high mass resolution, the application of MALDI
spiral-TOFMS has been reported for structural and compositional characterization of acrylate polymer with
various types of end group combinations [2]. On the other hand, polyethylene (PE) has not been amenable to
MALDI analysis because of the low ionization efficiency due to the saturated structure and no polar groups. A
few studies reported the MALDI approach to PE with transition metal ions [3]; however, the determination of
chemical structure was not completely accomplished due to the lack of mass resolution.
In this study, a detailed end group characterization of modified PE has been attempted by using high
resolution MALDI spiral-TOFMS. In addition, pyrolysis gas chromatography/TOFMS and multivariate data
analysis have been applied concurrently to compensate the information of the fragment structure.
[1] T. Satoh, et al., J. Am. Soc. Mass. Spectrom. 2005, 16, 1969-1975.
[2] H. Sato, et al., Mass Spectrom 2: A0014, 2013.
[3] R. Chen, et al., J. Am. Soc. Mass. Spectrom. 2001, 12, 1186-1192.
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ANALYTICAL PYROLYSIS, ANOTHER POWERFUL TOOL FOR
ANALYZING POLYMERS
Jönsson, Helena
PYROL AB, Utmarksv. 23, S-225 92 Lund, Sweden

Abstract
Analytical pyrolysis, another powerful tool for analyzing polymers
Author: Helena Jönsson, PYROL AB, Utmarksv. 23, S-225 92 Lund, Sweden
Email: helena.jonsson@pyrolab.com, Phone: +46 46 139797
Analytical pyrolysis is a powerful method for analyzing polymers in addition to other methods available to the
analytical chemist, such as FTIR, LC, GPC or NMR. Pyrolysis is the thermal degradation of a sample in an inert
atmosphere. The chemical bonds break in a specific order when heated and the resulting pyrolysis products
are well-defined and when separated by a GC and detected by mass spectrometry or any other type of detector
provides a “fingerprint”, specific for the polymer analyzed. By using pyrolysis in combination with another
technique the findings of one may be confirmed independently by the other, and in addition provide detailed
insight in structures and composition of materials even consisting of a mix of polymers.
One of the advantages of analytical pyrolysis is the simple sample handling. Soluble and non-soluble samples
can be analyzed directly without any pretreatment and both volatile and non-volatile fractions can be studied in
the same analysis.
Detailed information will be obtained, where even very small differences between samples are detected and
complex samples can be analyzed, both qualitatively and quantitatively using different kinds of pyrolysis
methods.
In this presentation the background for analytical pyrolysis is described, and the different ways polymers are
decomposed by heat. Applications with polymers in different fields are presented, as well as the requirements
of the pyrolyzer to obtain a complete characterization of the sample and repeatability of the results. Finally, the
method of fractionated pyrolysis is presented, which is especially suited for complex samples. In this method
the same piece of sample is pyrolyzed several times at different temperatures, with a separate GC run after
each pyrolysis. As a consequence the different fractions of the sample may be analyzed separately, instead of
being mixed up in the same chromatogram.
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POLYMER-ON-POLYMER STRUCTURES CREATED BY E-BEAM
LITHOGRAPHIC RADIATION GRAFTING – IMAGING AND CHEMICAL
SURFACE ANALYSIS BY TOF-SIMS
Gajos, Katarzyna, Guzenko, Vitaliy, Dubner, Matthias, Budkowski, Andrzej, Padeste, Celestino
M. Smoluchowski Institute of Physics, Jagiellonian University, Lojasiewicza 11, 30-348 Kraków, Poland
Laboratory of Micro- and Nanotechnology, Paul Scherrer Institute, CH-5232 Villigen, Switzerland

Abstract
Radiation grafting is an attractive method to adapt properties of polymer films by surface-functionalization with
different polymers. The exposure of the film with photons or particle beam is used to generate radicals which
act as initiators in a subsequent free-radical graft-polymerization. The radiation grafting can be combining with
structuring methods to define areas of chemical modification [1].
In this work [2], we present application of the e-beam lithographic tool to high-resolution polymer grafting.
Fluoropolymer substrates were irradiated with electron beam for a direct creation of initiator patterns and
subsequent graft polymerization of dimethylaminoethyl methacrylate (DMAEMA) resulted in submicrometer
PDMAEMA grafted structures. To explore the possibilities and limits of the method, different exposure
conditions and two different acceleration voltages (2.5 and 100 kV) were employed. First, the influence of
electron energy and dose on the extent of grafting and on the structure’s morphology was examined with
Atomic Force Microscopy (AFM). The fluoropolymer surface modification with grafted PDMEAMA was
confirmed by advanced surface sensitive techniques such as Time-of-Flight Secondary Ion Mass Spectrometry
(TOF-SIMS) and X-ray Photoelectron Spectroscopy (XPS). The TOF-SIMS chemical imaging was applied for
visualization of sub-micrometer polymer-on-polymer structures and examination of the extend of chemical
surface modification. Additionally, the possibility of effective post-polymerization modification of grafted
structures was demonstrated by quaternization of the grafted PDMAEMA into the polycationic QPDMAEMA
form that was confirmed by TOF-SIMS and XPS. Finally, the fluoropolymer substrates functionalized with
grafted polycationic polymer structures were employed for selective immobilization of charged molecules
(negatively charged fluorescein sodium salt) and model proteins (Bovine Serum Albumin and Streptavidin)
We consider the e-beam lithographic radiation-grafting to be an attractive technique for the generation of welldefined polymer-on-polymer structures for bio-related applications, for instance to probe and to explore
interactions of proteins, DNA or even of cells.
[1] Padeste C. et al.: Polymer Micro- and Nanografting. Elsevier, 2015.
[2] Gajos K. et al.: Langmuir 32, 2016, 10641-10650.
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ELUCIDATING CRYSTALLIZATION BEHAVIOR OF ORGANIC SEMICONDUCTORS USING X-RAY TECHNIQUES
Lam, Yeng Ming, Abe, Yuichiro
School of Materials Science and Engineering, Nanyang Technological University, 50 Nanyang Avenue,
Singapore 639798, Singapore

Abstract
Establishing structure/property relationships in organic semiconductors is crucial for the optimum design of
molecules for applications in optoelectronic devices such as organic photovoltaics (OPV). In order to improve
the device performance, a rational design of the novel molecular structures is imperative and in order to do this,
both the crystal structure and transition behavior of the molecular structure is important. In this work, we carried
out an in-depth investigation of the rich solid-state phases of fused ladder thienoarenes, especially the
thermally-induced reversible phase transition behaviour. Such a structural reversibility is recently reported to
have a self-healing function (Angew. Chem., 2017, 56(1), 198-202) which is a very attractive for optoelectronic
applications because it can possibly lead to the reconstruction of grain boundaries.
Previously, we reported dithienocyclopenta-thieno[3,2-b]thiophene (DTCTT)-based molecular donor material
for small molecular OPV(J. Mater. Chem. C, 2016, 4, 9656-9663). Comparison between the DTCTT and the
structural analogue, indacenodithiophene (IDT)-based molecular donor, which has a benzene core instead of
the thienothiophene in the DTCTT, demonstrated induced crystallinity by the S-S interactions from
thienothiophene units. In this study, a series of the IDT and DTCTT-based derivatives are synthesized and their
rich solid-state phases are investigated in detail so as to develop the molecular designing strategy of this family
of molecules, aiming to further enhance the device performance.
The packing structure in each solid-state was analyzed using various X-ray diffraction techniques including a
single crystal XRD. The structural investigation revealed that two DTCTT derivatives exhibit the reversible
crystal-to-crystal phase transitions at ramping temperature. Both experimental and computational results
revealed that the DTCTT derivatives form a structure with a slip-stacked mode of p-p stacking and columnar 1D
organization, and the structure of each phase were assigned with their 2D lattice symmetries. Because of this
columnar self-assembled structure, the DTCTT derivative in the thin-film state demonstrated a hole mobility of
0.02 cm2/V·s in field-effect transistor configuration. Fused ladder-type molecules have attracted much attention
recently; for example, IDT-based derivatives incorporated in small molecular OPV demonstrated the photoconversion efficiency of around 10% (Adv Funct Mater, 2015, 25, 3514-3523). This work provide some
suggestions on controlling of the solid-state structure of the family of molecules.
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IMAGING ORGANIC SOLAR CELL POLYMERS USING NOVEL TEM
TECHNIQUES
Boothroyd, Chris, Salim, Teddy, Lam, Yeng Ming
School of Materials Science and Engineering, Nanyang Technological University, 50 Nanyang Avenue,
Singapore 639798

Abstract
Many organic materials contain structural features on the scale of tens of nanometres or less for which
transmission electron microscopy is the only technique with sufficient resolution to allow structural imaging in
any detail. An example is organic solar cells where the donor and an acceptor phases are two conducting
polymers. In this active layer incoming photons create excitons (tightly bound electron-hole pairs) which need
to be separated. This occurs at the interface between the donor and acceptor polymers. Good charge
separation relies on minimising the distance to the donor/acceptor interface, which in turn is achieved by having
the two polymers intermixed on a scale of 10 to 20 nm. The distribution of the two polymer phases is thus
critical to the performance of the device. Unfortunately such materials also have very low contrast due to their
similar structure and elemental composition, making the phase distribution invisible in normal bright-field
images.
We have been investigating a number of methods for increasing the contrast between similar polymers. In
plasmon-loss energy-filtered electron microscopy only those electrons that lose energy to a plasmon are used
to form an image using an energy filter. Small differences in the plasmon energy loss between different
polymers can be imaged by setting the collection energy slightly above or below the plasmon peak energy. A
more comprehensive method we have tried is to collect an energy-loss series of images either side of the
plasmon peak.
Alternatively we would expect the phase of the transmitted electron wave to be different for different polymers
even when the intensity is the same. One way for imaging the phase is electron holography, in which the wave
passing through the polymer is interfered with a wave passing through a hole in the polymer. We will discuss
the effectiveness and prospects for these and similar novel imaging techniques with examples from organic
solar cell materials.
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LIGHT-RESPONSIVE MICRO-ROBOTS: 3D PRINTING AND
CHARACTERIZATION OF LIQUID CRYSTALLINE MICROSTRUCTURES
Martella Daniele (1,2), Parmeggiani Camilla (1,3), Nocentini Sara (1), Wiersma Diederik S. (1)
1.European Laboratory for Non Linear Spectroscopy (LENS), University of Florence, via Nello Carrara 1, 50019
Sesto Fiorentino (FI), Italy
2. Department of Chemistry “Ugo Schiff”, University of Florence, via della Lastruccia 3-13, 50019 Sesto
Fiorentino (FI), Italy
3. CNR-INO, Sede Secondaria di Sesto Fiorentino,via Nello Carrara 1, 50019 Sesto Fiorentino (FI), Italy

Abstract
The ability to control the shape of micrometric objects by light results a very appealing opportunity to develop
robotic devices on such microscale. In this field, we recently demonstrated how it is possible to fabricate Liquid
Crystalline Elastomers (LCE) microstructures with nanometric resolution and to deform them by irradiation with
light. Liquid crystalline elastomers (LCEs), materials well known as artificial muscles, are able to perform
different reversible shape changes in response to external stimuli. These deformations are triggered by
changing the liquid crystalline alignment inside the polymer. Among the different synthetic strategies,
photopolymerization of acrylate based mesogens enables to structure such material on the microscale by the
use of Direct Laser Writing (DLW).[1] This methodology has been applied to develop the first example of light
driven microrobot: a two step procedure enabled to fabricate a microwalker able to walk, crawl and jump under
light irradiation[2] or a microgripper able to catch a dust particle. This communication will show
comprehensively our results, focusing on the design of liquid crystalline photoresists suitable for DLW and their
patterning in the microscale. All the aspect related to the material characterization, starting from the liquid
crystalline properties of the monomeric mixtures [3] to the mechanical behavior of DLW microstructures will be
presented to demonstrate how, starting from simple mesogenic monomers, it is possible to obtain polymeric
microrobots able to perform different tasks.
References
[1]H. Zeng, D. Martella, P. Wasylczyk, G. Cerretti, J.-C. Gomez Lavocat, C.-H. Ho, C. Parmeggiani and D. S.
Wiersma, “High Resolution 3D Direct Laser Writing for Liquid Crystalline Elastomer Microstructures”, Adv.
Mater.2014, 26, 2319.
[2] H. Zeng, P. Wasylczyk, C. Parmeggiani, D. Martella, M. Burresi, and D. S. Wiersma, “Light-fueled
microscopic walker”, Adv. Mater.2015, 27,3883.
[3] S. Nocentini, D. Martella, C. Parmeggiani, D. S. Wiersma, “Photoresist Design for Elastomeric Light Tunable
Photonic Devices”, Materials2016, 9, 525.
Acknowledgment:The research leading to these results has received funding from the European Research
Council under the European Union's Seventh Framework Programme (FP7/2007-2013) / ERC grant agreement
n° [291349] on photonic micro robotics.
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Figure 1. POM image of LCE rings and a microwalker up a human hair.
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SIGNIFICANCE OF INTERFACIAL DESIGN ON HIGH PERFORMANCE OF
CARBON FIBER COMPOSITE FOR ELECTROMAGNETIC SHIELDING
APPLICATION
Rani Rohini, Suryasarathi Bose
Polymer Processing Lab, Materials Engineering Department, Indian Institute of Science, Bangalore-560012,
India

Abstract
Carbon fiber reinforced composites have been in demand for various high end applications, like aerospace and
automobile industries. But the issue of weak interface between fiber and matrix has been an issue in order to
achieve longer service period. We have attempted to address this concern by modifying of epoxy host matrix
with functional graphene oxide, and hence infusing into bidirectional carbon fiber mat. Firstly, graphene oxide
was chemically reduced with epoxy resin and was thoroughly characterized, using AFM, FTIR, XRD, to confirm
the presence of epoxy chains on GO sheets. Further epoxy nanocomposites was prepared with 0.5 wt% of
functional GO. Carbon fiber composites were prepared by impregnating epoxy nanocomposites using vacuum
assisted resin transfer molding and, curing cycle of 60, 80, 100, 120 °C (30 mins each) was followed and
laminates were post cured at 140 °C for 2 hrs. The laminates were analyzed for thermal, mechanical, adhesion,
electrical and electromagnetic interference shielding behavior. For thermal properties modulated differential
scanning calorimeter and thermogravimetric analysis was used. Mechanical studies were carried out using
dynamic mechanical analyzer and lap shear test. 4-probe method was employed to evaluate electrical
conductivity and electromagnetic shielding effectiveness was measured in the frequency range of 12-18 GHz. It
was found that 0.4 mm thin sheet of f-GO/epoxy/CF laminate showed >50 dB SE and improved interface
showed high storage modulus, which can be useful to aerospace industries.
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STUDY OF FILM FORMATION FROM PS LATEX/MAGNETIC
NANOPARTICLE COMPOSITES USING PHOTON TRANSMISSION
TECHNIQUE
Ugur, Saziye
Istanbul Technical University, Department of Physics, 34469 Maslak, Istanbul-Turkey

Abstract
In study, optical, film formation, morphological and the magnetic properties of a nanocomposite system,
composed of polystyrene (PS) latex polymer and core-shell magnetic nanoparticles (MNPs) is presented.
Nine different mixtures were prepared by mixing of PS latex dispersion with different amount of MNPs in the
range of (0- 100 wt%). PS/MNPs films were then prepared on glass substrates using drop casting method
and drying at room temperature. After drying, film samples were separately annealed above glass transition
temperature (Tg) of PS ranging from 100 to 250 0C for 10 min. In order to monitor film formation process,
transmittance of these composites were measured after each annealing step as a function of MNPs content.
Below a critical MNPs content (30 wt%), it was found that PS percolates into the MNPs hard phase and forms
an interconnected network upon annealing[1]. The transmission results showed above this critical value, PS
latexes were no longer ?lm forming at all temperatures. Besides, the PS/MNPs composite ?lms also showed
excellent magnetic properties. All composite films showed superparamagnetic behaviors. The saturation
magnetisation (Ms) first increased with increasing MNPs content and the highest value of Ms was
approximately 0.020 emu obtained for 85 wt% MNPs content film. These results indicated that the optical and
magnetic properties of PS/MNPs composite ?lms can be readily tuned by varying MNPs nanoparticle content.
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RHEOLOGICAL METHODS FOR THE CHARACTERISATION OF
VISCOELASTICITY IN INDUSTRIAL POLYMERS
Barroso, Vitor, C., Knogler, Bernhard, Nestelberger, Susanne, Wurnitsch, Christof, Liedauer,
Siegfried, Pachner, Elke Reichelt, Norbert
Borealis Polyolefine GmbH, St.-Peter-Strasse 25, 4021, Linz, Austria

Abstract
Industrial polymers, unlike well-defined model polymer systems synthesised by very specific chemical
techniques, possess wide-ranging structural details and several levels of molecular complexity. This makes the
characterisation of such industrial polymers somewhat elusive since their ensemble behaviour is made up of
more complex and heterogeneous interactions, as compared to well-defined model polymer systems. This
complexity is reflected on the chemical composition distribution, which is ultimately one of the main sources of
the different behaviours displayed during polymer processing sequences. During such sequences, the polymer
is subject to different velocity, pressure and temperature profiles which make up for different responses in
terms of their time-dependent (viscoelastic) behaviour. Of crucial relevance for any kind of polymer processing
sequence are therefore the rheological properties of the molten polymers, which as well derive from their
chemical composition distribution. The proper characterisation of the viscoelastic properties is therefore a
challenge, since rheological methods able to capture the behaviour for wide-ranging time scales will always
have to suffer from some limitation, whether from an operational perspective or from a physico-chemical
perspective.
The potential of rheological techniques to differentiate between different types of polymer structures is well
displayed on the generally clear distinction between the behaviour of linear and branched polymers. However,
the image gets many times blurred between the somewhat similar effects of branching and broad molar mass
distribution. This has been a challenge in the rheological community and is of special relevance for the
industrial rheologist, especially when assisting in the development of new products.
In this communication, a critical overview is taken on different aspects for distinguishing among complex
industrial polymers using rheological techniques, as well as on discussing new approaches for characterising
their viscoelastic properties. Test methods which try to simultaneously extract information for both long-term as
well as short-term rheological behaviour will be discussed, resorting to the characterisation of different
molecular structures of commercial industrial polyolefins.
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TEMPERATURE DEPENDENT SIZE EXCLUSION CHROMATOGRAPHY
FOR THE IN SITU INVESTIGATION OF THERMOREVERSIBLY BONDING
POLYMERS
Brandt (1), Josef, Lenz (1), Johannes, Guimard (2), Nathalie, K, Pahnke (2), Kai, Öhlenschläger
(2), Kim, K, Barner-Kowollik (2), Christopher Schmidt (2), Friedrich G Lederer (1), Albena
(1) Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Straße 6, 01069 Dresden, Germany and
Technische Universität Dresden 01062 Dresden, Germany
(2) Preparative Macromolecular Chemistry, Institut für Technische Chemie und Polymerchemie, Karlsruhe
Institute of Technology (KIT), Engesser Straße 18, 76128 Karlsruhe, Germany and Institut für Biologische
Grenzflächen, Karlsruhe Institute of Technology (KIT), Hermann-von-Helmholtzplatz 1, 76344 EggensteinLeopoldshafen, Germany
(3) Evonik Industries AG, Paul-Baumann-Straße 1, 45764 Marl, Germany

Abstract
Thermoreversibly bonding polymers are a class of polymers that can undergo bonding or debonding reactions
on demand, as controlled by temperature. Through that capability such polymer systems are of great interest
for applications such as self-healing materials, drug delivery compounds or reshapeable fibre reinforced
composites. The thermoreversible bonding function can be introduced by exploiting reactions as, e.g., the
Diels-Alder or disulfide reactions.
Tailoring a polymers properties to a specific application requires detailed knowledge about the fundamental
influencing parameters that can be used for tuning the polymers behavior. In the case of stimuli-responsive
materials that is a challenging endeavor as the analytics have to be performed under in situ conditions, i.e.,
under conditions at which the respective bonding/debonding reactions take place.[1]
Herein we describe the potential of Temperature Dependent Size Exclusion Chromatography (TD SEC) for indepth studies of thermoreversibly bonding – and even crosslinking – polymers. The TD SEC approach gives
detailed insights in the bonding/debonding reactions and, through careful evaluation of the obtained data,
reveals manifold information about the reaction mechanisms. In contrast to frequently used spectroscopic
approaches the TD SEC does not require the presence of detectable functional groups, which can be difficult
especially if the actual reacting moieties are present only in low concentrations. Hence, the methodology is
more universally applicable, can operate in a broad range of temperatures and solvents and does not require
high sample amounts.[2]
In our work we could identify and corroborate hypothesized effects of physicochemical properties of the
polymer backbones on the bonding/debonding reactions: According to our findings the respective temperatures
can be tuned by varying polymer building block size and flexibility. In addition TD SEC allowed studying the
reversibility of the reactions quantitatively, showed that chains are cleaved in their middle preferentially and
gave insights in decrosslinking of thermoreversibly crosslinked polymers.[3-9]
[1] J. Brandt, K.K. Öhlenschläger, F.G. Schmidt et al., Adv. Mater., 2014, 26, 5758-5785.
[2] J. Brandt, N.K. Guimard, C. Barner-Kowollik et al., Anal. Bioanal. Chem., 2013, 405, 8981–8993.
[3] N. K. Guimard, J. Ho, J. Brandt, et al., Chem. Sci., 2013, 4, 2752-2759.
[4] M. Langer, J. Brandt, A. Lederer, et al., Polym. Chem., 2014, 5, 5330-5338.
[5] K. Pahnke, . J. Brandt, G. Gryn‘ova et al., Chem. Sci., 2015, 6, 1061-1074.
[6] K. Pahnke, . J. Brandt, G. Gryn‘ova et al., Angew. Chemie., 2016, 55, 1514-1513.
[7] K. Pahnke, N.L. Haworth, J. Brandt et al., Polym. Chem., 2016, 7, 3244-3250.
[8] J. Brandt, N.L. Haworth, F.G. Schmidt, et al., ACS MacroLett, 2016, 5, 1023-1028.
[9] J. Brandt, J. Lenz, K. Pahnke, et al., 2017 manuscript submitted
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IN SITU TENSILE TESTING: APPLICATION OF A TENSILE STAGE ON A
LABORATORY X-RAY DIFFRACTION SYSTEM
Dadivanyan, Natalia, Gateshki, Milen, Götz, Detlev, J., Yakacki, Christopher, M., Van Der
Maten, Taco, Limpfert, Franziska
PANalytical B.V., Lelyweg 1, 7602EA, Almelo, The Netherlands
Department of Mechanical Engineering, The University of Colorado Denver, 1250 14th Street, Denver, CO
80204, USA

Abstract
In situ tensile testing is the subject of increased interest in the world of materials science. By means of such
experiments one can investigate the properties of well-known materials and also study the structure of newly
created ones. Stress-strain experiments on polymer foils and fibers often provide better understanding of the
relationship between the structure and the properties of the polymers.
In this contribution we present the possibility of in situ tensile experiments on a multipurpose Empyrean
diffractometer from PANalytical equipped with a Deben 2kN Tensile Stage. The analysis of orientation in
stretched polymers by means of 2D WAXS (wide-angle X-ray scattering) measurements is demonstrated on
various samples (foils of semi-crystalline and liquid crystalline polymers, fibers, etc.).
By analyzing 2D WAXS data, obtained in transmission measurement mode, one can retrieve information about
the orientation of the polymer chains in the tested sample. If a homogeneous distribution of intensity along the
Debye-Scherrer rings (?-direction) is observed, a random orientation of the polymer chains can be assumed.
When uni- or biaxial stretching is applied during manufacturing or upon tensile testing, this creates a certain
degree of orientation of the polymer chains and a change in the intensity distribution along the ?-direction can
be observed in the 2D WAXS patterns. Analyzing such patterns provides opportunity to not only evaluate the
samples qualitatively, but also to determine the degree of orientation by calculating one of the commonly used
parameters: orientation factor f (for fibers) or order parameter S (for liquid crystalline materials).
For strongly scattering samples good quality data, suitable for quantitative analysis, can be obtained within less
than one minute. By combining advanced X-ray technology and software algorithms, the equipment presented
here offers the possibility to conduct a complete in situ tensile testing experiment, monitoring in real time even
the slightest changes in the polymer orientation. The short measurement times and the possibility to automate
the experiment can make this solution suitable even for industrial environment.
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CHARACTERIZATION TECHNIQUES ON AGING PROCESS OF RUBBER
MATERIAL FOR SEALING APPLICATIONS
Aoyagi Yuichi, Jungk Juliane, Rainer Kreiselmaier, Giese Ulrich
Freudenberg Technology Innovation SE & Co. KG, Hoehnerweg 2-4, 69469 Weinheim, Germany
Deutsches Institut für Kautschuktechnologie e. V.Eupener Straße 33, 30519 HANNOVER, Germany

Abstract
The end of lives of seals is defined when a leakage is observed. Until a leakage happens, materials gradually
degrade due to several factors such as mechanical fatigue, oxidation process, temperature, media, and
pressure. In other words, the service life of seals is largely determined by the aging process. Therefore it is
important to develop how to extend the life of seal and improve the resistance against the environmental
factors. For these reasons, a lot of studies have been done to analyze the aging process of rubber.
Since the analysis of the aging mechanism should be clarified, several spectroscopies such as FTIR , XPS
and high resolution NMR have been used. These spectroscopic methods can be applied to the quantitative
analysis of rubber and chemical structural change. Although these methods reveals the primary structure of
rubber, higher order structural information such as crosslink structure is not given by these methods. On the
other hand, dynamic mechanical analysis (DMA) and dielectric spectroscopy provide information on the
mobility of polymer chains, which is influenced by the crosslink network density. One of the most informative
and sensitive methods of network analysis is solid-state low field NMR.
Network Dynamics heterogeneities by Laplace Inversion of 1H transverse magnetization relaxation decays
Proton T2 NMR measurements are sensitive to the network chain dynamics. This technique was applied to the
aging process of EPDM was analyzed using several characterization methods. The advantage of this technique
is possible to show the distribution of the chain mobility. The ILT algorithm used with the CONTIN algorithm.It
gives us the new insights for understanding the inhomogeneous crosslink structure during the thermal oxidation
process.
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INVESTIGATION OF AUTOMATED SAMPLE PREPARATION TECHNIQUES
FOR THE QUANTITATION OF ANTIOXIDANTS IN POLYOLEFINS
Fuchs, Andreas, Weilguni, Evelyn, Huber, Jürgen, Engleder, Stefanie, Standler, Alexander
Borealis Polyolefine GmbH, Sankt-Peter-Straße 25, 4021 Linz, Austria

Abstract
Faster, higher, further. In polymer characterisation the need for automation constantly grows with increased
experimental complexity. Although chromatographic techniques are well-established in the determination of
additives, sample preparation remains one of the most labour intense and time consuming steps.
In this work a quantitation method for polyolefin additives was investigated using both, high performance liquid
chromatography (HPLC) and gas chromatography (GC). It was based on a simplified extraction procedure
using two different solvents or solvent mixtures. A recent approach of a microwave assisted extraction (MAE)
has already shown its high potential of a more automated sample preparation. It was compared to an
established procedure of cryo-milling followed by a hot plate supported extraction. Chromatography wise three
different column types for reversed phase HPLC were compared in order to find the most suitable method for
the quantitation of phenolic antioxidants.
As a result the chosen solvent mixture provided the highest extraction efficiency and also facilitated the later
GC analysis from the same extract. It was found that the sample inhomogeneity had a bigger influence on the
quantitative result than the actual extraction procedure. In order to decrease the lower limit of quantitation the
sample amount was increased and diode array parameters were optimised for higher sensitivity. Interestingly,
this approach could not be fully applied to the MAE and showed the limits of automation.
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AUTOMATIC CONTROL OF FREE RADICAL POLYMERIZATION
REACTIONS
Reed, Wayne F., Mcafee, Terry, Leonardi, Natalie, Montgomery, Rick D., Siqueira, Julia,
Jarand, Curtis Zekoski, Thomas Drenski, Michael F.
Tulane University, New Orleans, Louisiana 70118, USA
Advanced Polymer Monitoring Technologies, 1078 S, Gayosos St., New Orleans, Louisiana ,70125 USA

Abstract
Automatic control of various aspects of free radical homo- and copolymerization has been achieved based on
continuous model-free measurements of weight average molecular weight Mw, and concentrations of
comonomers A and B, CA and CB, respectively. For this purpose a Control Interface was integrated into
ACOMP (automatic continuous online monitoring of polymerization reactions) to create an ACOMP/CI platform.
A controller was developed to follow target trajectories for conversion, molecular weight, and copolymer
composition, as well as to produce multimodal polymer populations. ACOMP furnishes real-time Mw, CA and
CB, derivatives of which yield instantaneous weight average molecular weight Mw,inst and instantaneous
fractional composition of monomers A and B in copolymers, Finst,A and Finst,B. The proportionality constant,
p, between Mw,inst and total polymer concentration Cp can be experimentally measured throughout the
reaction, as well as conversion rates,??A and ?B, for comonomers A and B, respectively. The experimentally,
periodically re-measured p, ?A and ?B, are sufficient to allow the controller to pilot a reaction along an
established target trajectory of molecular weight and/or composition, by using semi-batch flows of comonomers
into the reactor from a reservoir. The approach, hence, does not depend on a detailed kinetic model and no
knowledge of kinetic parameters, such as propagation, termination, and initiator decomposition rate constants,
initiator efficiency, reactivity ratios, etc. is needed. The controller is quite robust as a result of this and also
works when factors such as reaction temperature are changing, since changes in p, ?A, and ?B are constantly
re-measured as they change.
The system is demonstrated via aqueous phase polymerization of acrylamide and styrene sulfonate. Several
demonstrations of controlled molecular weight and composition trajectories are given using semi-batch
(co)monomer flows. Multi-modal populations were automatically produced using combined flows of monomer
and chain transfer agent. Using histograms of Mw,inst obtained during the reaction, together with well-known
expressions for instantaneous molecular weight distributions (MWD) it was possible to build up the MWD
during a reaction, arriving at the full MWD for the final product at the end of the reaction.
Active manual control is also demonstrated using initiator flow and oxygen flow into the reactor. Early results
on control of inverse emulsion polymerization at high monomer concentration (~30%) are presented.
Preliminary results with a 60 MHz NMR coupled to the ACOMP system are also shown.
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Automatic production of a trimodal molecular weight distribution using the ACOMP/CI platform
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ANALYSIS OF ENVIRONMENTAL MICROPLASTICS BY VIBRATIONAL
SPECTROSCOPY: IR, RAMAN OR BOTH?
Käppler, Andrea, Fischer, Dieter, Oberbeckmann, Sonja, Labrenz, Matthias, Eichhorn, KlausJochen, Voit, Brigitte
Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Str. 6, 01069 Dresden, Germany
Organische Chemie der Polymere, Technische Universität Dresden, 01062 Dresden, Germany
Leibniz-Institut für Ostseeforschung Warnemünde, Seestraße 15, 18119 Rostock, Germany

Abstract
The contamination of aquatic ecosystems with microplastics (size: 1 µm – 5 mm) is a topical environmental
problem and leads to the need of appropriate and reliable analytical methods to distinctly identify and to
quantify these particles in environmental samples. The chemical identification of microplastics is usual
performed by Fourier transform infrared (FTIR) or Raman spectroscopy.
Within this presentation a critical comparison and validation of both spectroscopic methods with respect to
microplastics analysis will be discussed. We investigated marine samples of the Baltic Sea by both, Raman and
FTIR spectroscopy.
The first part of the presentation will deal with results of the investigation of particles and fibres >500 µm
extracted from beach sediment samples by Raman and FTIR-ATR microspectroscopic single measurements. It
will be illustrated that both methods are in principle suitable to identify environmental microplastics. However, in
some cases, especially for coloured particles, a combination of both spectroscopic methods is necessary for a
complete and reliable characterisation of the chemical composition and to avoid misidentification.
The second part will focus on the analysis of marine samples containing particles <400 µm by Raman imaging
and FTIR transmission imaging. The samples were filtered on a suitable silicon filter [1] before spectroscopic
analysis. The results of both imaging methods were compared regarding number, size and type of detectable
microplastics as well as spectra quality, measurement time and handling. In summary, FTIR imaging led to
significant underestimation (about 35 %) [2] of microplastics compared to Raman imaging, especially in the size
range <20 µm. However, the measurement time of Raman imaging was considerably higher compared to FTIR
imaging. In consequence, we propose a further size division for the spectroscopic analysis of microplastics.
[1] A. Käppler et al., Analytical and Bioanalytical Chemistry 407 (2015) 6791-6801
[2] A. Käppler et al., Analytical and Bioanalytical Chemistry 408 (2016) 8377–8391
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Analysis of a marine sample on a silicon filter by Raman and IR imaging.
middle: optical microscopic image (1000 x 1000 µm); left: Raman image with Raman spectrum of the marked
particle; right: IR image with IR spectrum of the marked particle – Figure was taken from [2]
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THIN-LAYER CHROMATOGRAPHY (TLC) AND TLC-RAMAN AS AN
EFFECTIVE TOOL FOR POLYMER ADDITIVES DEFORMULATION
Longieras, Nicolas, R
PeakExpert, 8 rue Honore de Balzac, 37000 Tours, FRANCE

Abstract
Antioxidants, UV stabilizers, lubricants, fatty acids, surfactants, waxes are some examples of typical additives
used in polymers to help long term ageing or polymer processing. In the daily laboratory work, additives
analysis is difficult due to polymer and oligomer interferences. In this study, we demonstrate that TLC
techniques are an effective tool to obtain qualitative and semi-quantitative datas on polymer additives
composition.
Our TLC separation occurs mainly on silica based plates using various normal mobile phases plus additives.
Day to day reproducibility is evaluated. Derivatization techniques allow an array of both universal and specific
detections. The derivatization results emphasize a novel vapour iodine methodology allowing quick and semiquantitative results within minutes.
Further compound identification is obtained by analysing the underivatized silica layer directly under a 780nm
Raman microspectrophotometer. Spectra obtained in this way match our solid state Raman database and allow
spectral recognition.
TLC results are compared to those obtained through RP-HPLC, high resolution oligomeric GPC, LC-FTIR and
NMR.
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ANALYTICAL APPROACHES TO POLYMER ADDITIVE ANALYSIS FROM A
MACROSCOPIC TO A MICROSCOPIC SCALE
Maringer, Leila, Grabmann, Michael, Muik, Martin, Nitsche, David, Wallner, Gernot,
Buchberger, Wolfgang
Institute of Analytical Chemistry, JKU Linz, Altenbergerstraße 69, 4040, Linz, Austria
Institute of Polymeric Materials and Testing, JKU Linz, Altenbergerstraße 69, 4040, Linz, Austria
Institute of Biophysics, JKU Linz, Gruberstraße 40, 4020, Linz, Austria
AGRU Kunststofftechnik GmbH, Pesendorferstraße 31, 4540, Bad Hall, Austria
Institute of Polymeric Materials and Testing, JKU Linz, Altenbergerstraße 69, 4040, Linz, Austria
Institute of Analytical Chemistry, JKU Linz, Altenbergerstraße 69, 4040, Linz, Austria

Abstract
Oxidative degradation of polypropylene, used as a high performance material in solar thermal systems, may
cause enormous economic damage. To overcome this problem, different classes of stabilizers such as primary
and secondary antioxidants as well as light stabilizers are usually employed. In cases of material failures, the
determination of these stabilizers and their degradation products often provides useful information about the
performance of the respective antioxidants. Further, quantification of such additives may also help to detect
undesired antagonistic interactions between different stabilizer classes, or to find synergistic combinations.
However, these stabilizers may vary considerably in size and chemical behavior, which requires the
development of suitable analytical methods for detection. Within the following work, different chromatographic
separation approaches as well as detection techniques ranging from liquid to gas chromatography coupled to
UV and mass spectrometry are introduced and evaluated with regards to their strengths and weaknesses.
In addition to the quantification of these stabilizers, investigations on their distribution within the polymer matrix
may provide further information about the stability and performance of a material. To this end, polypropylene
films with different amounts of a fluorescent whitening agent were prepared and analyzed with a confocal
fluorescence microscope. It could be demonstrated that the additive distribution is related to the crystalline
structure of the polymer and can be changed by variation of the quenching temperatures after extrusion.
Combining both informations about the stabilizer amount as well as their distribution within the material
provides important insights for the development of customized stabilizer formulations to guarantee extended
lifetimes of the polymer materials.
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UHPLC SEC COUPLED TO MULTI-ANGLE LIGHT SCATTERING (ΜSECMALS): FAST AND HIGH RESOLUTION POLYMER CHARACTERIZATION
Roessner, Dierk, Scherrers, Roger, Johann, Christoph
Wyatt Technology Europe GmbH, Hochstrasse 12a, 56307 Dernbach, Germany

Abstract
Multi-angle light scattering (MALS) is well-established as a means of determining molar masses and sizes of
macromolecules, downstream of size-exclusion chromatography or gel-permeation chromatography
(SEC/GPC). In combination with a refractive index detector for universal concentration measurement, MALS
provides these measurements from first principles, independently of retention time and molecular reference
standards.
Ultra-high performance liquid chromatography (UHPLC, µSEC) offers several benefits over standard HPLC:
short run times, reduced consumption of sample and mobile phase, and improved resolution. The growing
adoption of UHPLC SEC for the characterization of polymers has driven technological developments in
downstream detector technology. µSEC-MALS combines size exclusion UHPLC with a new, low-volume, highresolution Multi-Angle Light Scattering (MALS) - the µDAWN. µSEC-MALS enables analytical labs to perform
MALS measurements while maintaining the narrow chromatography peaks generated by UHPLC columns and
without introducing excessive peak broadening.
We will present the benefit of µSEC-MALS for polymer analytics and the limitations of this technology
discussing characterization of different polymers. We will show examples of fast or high resolution experiments.
As an example the characterization of a polycarbonate with high resolution within 5.5 minutes using µSECMALS is shown in this abstract.

Characterization of a polycarbonate using µSEC-MALS.
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LIGHTSCATTERING BEHAVIOR OF LONG CHAIN BRANCHED
MOLECULES
Tacx, J.C.J.F., Iedema, P.D.
Sabic, Global PE Technology, Geleen, PO Box 319, 6160 AH Geleen, The Netherlands
Van ‘t Hoff Institute for Molecular Science, University of Amsterdam, PO Box 94157, 1090GD Amsterdam, The
Netherlands

Abstract
Using Ubbelohde viscometry, the dissolution behaviour of a polyethylene can be determined. Provided the
polyethylene dissolved properly, in Ubbelohde viscometry there is steep rise in specific viscosity as a function
of time. The maximum value reached remains constant as function of time. Lightscattering, in particular the
angular dependence of the scattered light, gives structural information. For polyethylenes with a linear
structure, this angular dependency is well described with the model of Ptytsin. In a theta solvent like
diphenylether the non-linear expansion coefficient (ε) is 0 while in good solvents like trichlorobenzene (TCB)
this value is significantly larger than 0 and constant for the entire range 50-3750 kg/mol.
For polyethylenes with long chain branching (LCB) the scattering becomes more complex than for
poyethylenes with a linear structure. Monte Carlo simulations reveal long chain branching (LCB) topology
based on kinetics of systems like low-density Polyethylene (ldPE). Examining the topologies computed shows a
significant branch-on-branch fine structure. Until now, predicting scattering function P-1(θ) from LCB has only
been successful for structures like simple combs or stars. Topologies in graph theoretical form are used to
predict scattering function P-1(θ) and <Rg2>by summating intramolecular distances, accounting for branching
and non-theta conditions. Experimental Size Exclusion Chromatography with Multi-Angle Light Scattering
(SEC-MALS) could be brought in line with the predicted branching character. Branching is less than predicted
by the formula of Zimm & Stockmayer due to a different fine structure in ldPE leading to stronger size
contraction.

84/133

5. Analytical challenges in industrial polymer characterization

Oral presentation 52

CHARACTERIZATION OF THE AGING PROCESS OF CURED EPDM USING
INVERSE LAPLACE TRANSFORMATION OF NMR
Yuichi Aoyagi, Juliane Jungk, Klaus Beck, Ulrich Giese
Freudenberg Technology Innovation SE & Co. KG, Hoehnerweg 2-4, 69469 Weinheim, Germany
Deutsches Institut für Kautschuktechnologie e. V Eupener Straße 3330519 Hannover, Germany,
Hochschule Mannheim, Paul-Wittsack-Str. 10, 68163 Mannheim

Abstract
The end of a seal’s life is reached when a leakage is observed. Until a leakage happens, materials gradually
degrade due to several factors such as mechanical fatigue, chemical or diffusion processes, In general words,
the service life of seals is largely determined by the aging process. Therefore it is important to continuously
improve the aging resistance of elastomer materials. For these reasons, a lot of studies have been done to
analyze the aging process of rubber.
In order to analyze and to understand the aging process several spectroscopy methods such as FTIR , XPS
and high resolution NMR have been used. These spectroscopic methods can be applied for the quantitative
chemical analysis of rubber and chemical structural change.
Although these methods reveal the chemical composition of rubber, higher order structural information such as
crosslink structure is not given.. On the other hand, dynamic mechanical analysis (DMA),dielectric
spectroscopy and NMR relaxometry provide information about the mobility of polymer chains, which is
influenced by the crosslink network density. One of the most informative and sensitive methods of network
analysis is solid-state low field NMR relaxometry.
NMR magnetization relaxation experiments have been used to understand local and long-range mobility of
polymer chains. It is a powerful tool to analyze the crosslinking network structure.
The main purpose of our work is to reveal the rubber structural change induced by aging processes of cured
EPDM. The results of the analysis by inverse Laplace transformation are discussed. . With this method, our
study revealed that the distribution of T2-relaxation times can deliver important information to understand the
aging mechanism of cured EPDM rubber. During thermal oxidation, the crosslink structure of cured EPDM
changes and different types of networks can be identified. Conventional methods such as the swelling method
or NMR with simple exponential fitting show only an average information of the crosslink density.
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CHARACTERISATION OF CHALLENGING POLYMERS BY ADVANCED
MULTI-DETECTOR GPC OMNISEC SYSTEM
Olivier Sandrine, Agostini Serena, Stenson John
Malvern Instruments Ltd, Enigma Business Park, Grovewood Road, Malvern, WR14 1XZ, United Kingdom

Abstract
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ENHANCING CHROMATOGRAPHIC RESOLUTION THROUGH
NUMERICAL REVERSE CONVOLUTION
Gillespie, David, Mekap, Dibyaranjan (Dib), Duckworth, Sydney, Tyler, Philip, Foster, Scott
First, Third, Fourth & Fifth authors: The Dow Chemical Company, B-1470, 2301 N. Brazosport Blvd., Freeport,
TX 77541-3257, USA
Second author: Room 003, PTC-2/B430, H.H. Dowweg 5, 4542 NM, Hoek / Terneuzen, The Netherlands

Abstract
GPC resolution has been increasing steadily over the past several decades with the use of higher efficiency
packing materials, lower detector cell volumes, and increased detection sensitivity which allows for less data
averaging. In polyolefin analysis; however, there still exists strong practical limitations to resolution in order to
keep shear rates low coupled with the requirement of an ultra-broad pore-size distribution, both which rally
against reducing the particle size of the GPC columns. Moreover, acceptance of and advances in 2dimensional chromatography and high throughput systems are limiting the length of the column beds (and thus
resolution), as it is desirable to speed the analysis to enable practical applications for these systems.
Traditional methods of band-broadening calculations can be implemented in GPC to correct for axial dispersion
of molecular weight data, but generally they are not as applicable directly to multi-detector approaches such as
light scattering. Most of these corrections rely on the fact that the separation is predictable in log molecular
weight space, and they attempt to either correct the distributions in their entirety, or simply just correct the
calculated moments about the distributions. Moreover, techniques have relied on matching multi-detector
offset data to align viscometer and light scattering calculations and, once again, they rely on predictable elution
(generally logarithmic) to ensure the data match expected elution, regardless of axial spreading. It should be
noted that these methods of rotation, in general, do not increase system resolution or change the relative peak
positions, but rather they control the perceived polydispersity. What is desirable is to increase resolution
(particularly for multi-model distributions and blends).
Finally, these standard “band-broadening” corrections also, in general, fail to address different modes of
separation, such as CEF, TGIC, and HPLC, and to some extent multi-detector copolymer ratioing, which are
becoming increasingly important to polymer characterization. We will demonstrate the use of a new numerical
algorithm which attempts to correct the underlying broadened raw data of a general distribution and attempts to
subtract out inherent band-broadening (either partially or fully) in order to enhance the resolution of the
techniques. We will also address the pros and cons of the technique and compare it to traditional bandbroadening calculations for GPC data.
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MODIFICATIONS AND CHARACTERIZATION OF PROTEINS AS
ADHESIVES
Cheng, H.N., Dowd, M.K., He, Z.
USDA Agricultural Research Service
Southern Regional Research Center
1100 Robert E. Lee Blvd.
New Orleans, LA 70124, USA

Abstract
The global wood adhesives and binders market is valued at $13.15 billion with a volume of 16,200 kilo tons in
2013 [1]. As synthetic wood adhesives are mostly derived from depleting petrochemical resources and have
attracted increasing environmental concern, a lot of R&D activity has appeared on more eco-friendly, agribased wood adhesives, especially those based on soy protein, and several products have been
commercialized [2-4]. We have shown [5,6] that cottonseed protein exhibits superior adhesive strength and
hot water resistance when used to bind maple wood veneer. In a follow-up work [7], we conducted sequential
fractionation of cottonseed meal and found the adhesive properties of water and phosphate-buffer washed solid
fractions to be almost as good as cottonseed protein isolate.
In this presentation a review is made of the use of cottonseed protein in wood adhesive applications. Both
unmodified and modified cottonseed protein isolates were studied and compared to corresponding soy protein
isolates for their adhesive properties when bonded to wood composites [5,8]. Cottonseed protein (modified or
unmodified) gives better adhesive shear strength and hot water resistance than corresponding soy protein.
Analysis and characterization have been carried out on appropriate samples. Thus, cottonseed protein (with or
without modification) seems to be a promising renewable material for the wood adhesive application.
References:
1. Transparency Market Research, Wood adhesives and binders market - Global industry analysis, size, share,
growth, trends and forecast, 2014 – 2020 (2014). http://www.transparencymarketresearch.com/
2. K. Li, S. Peshkova, and X. Geng. Investigation of soy protein-Kymene adhesive system for wood
composites. J. Am. Oil Chem. Soc., 81, 487-491 (2004).
3. A. J. Allen, J. J. Marcinko, T.A. Wagler, and A. J. Sosnowick. Investigations of the molecular interactions of
soy-based adhesives. Forest Prod. J., 60, 534-540 (2010).
4. http://solenis.com/en/industries/specialties-wood-adhesives/innovations/soyad-adhesive-technology/
5. H. N. Cheng, M. K. Dowd, and Z. He. Investigation of modified cottonseed protein adhesives for wood
composites. Ind. Crops Prod., 46, 399-403 (2013).
6. H.N. Cheng, C. Ford, M.K. Dowd, and Z. He. Soy and cottonseed protein blends as wood adhesives. Ind.
Crops Prod., 85, 324–330 (2016).
7. Z. He, H. N. Cheng, D.C. Chapital, and M. K. Dowd. Sequential fractionation of cottonseed meal to improve
its wood adhesive properties. J. Am. Oil Chem. Soc., 91, 151-158 (2014).
8. H.N. Cheng, C. Ford, M.K. Dowd, and Z. He. Use of additives to enhance the properties of cottonseed
protein as wood adhesives. Int. J. Adhes. Adhes., 68, 156–160 (2016).
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UNDERSTANDING CASEIN ASSEMBLY BY FIELD FLOW
FRACTIONATION AND RELATED METHODS
Lederer, Albena, Abbate, Raffaele Andrea, Raak, Norbert, Jaros, Doris
Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Straße 6, 01069 Dresden, Germany
Technische Universität Dresden, School of Science, 01062 Dresden, Germany
Technische Universität Dresden, Chair of Food Engineering, 01062 Dresden, Germany

Abstract
Caseins are non-globular milk proteins representing the building blocks in fermented dairy products. The
different caseins (alphaS1, alpha S2, beta and kappa) tend to self-associate into micelles because of their low
tendency to form tertiary structures and their rather hydrophobic nature. Caseins can be cross-linked by using
microbial transglutaminase and this cross-linking process influences essentially the firmness and physical
properties of acidified milk. In spite of the fact that the cross-linking process plays an important role in the
preparation of dairy food products, the association behaviour and gelation properties as well as their interplay
in enzymatically cross-linked caseins is still not understood on a molecular level.
In this study in-depth characterization by size exclusion chromatography (SEC) and asymmetric flow field flow
fractionation (AF4) combined with multiple detection of static and dynamic light scattering, UV and refractive
index reveal quite complex systems which are influenced by pH and cross-linking duration. Together with the
casein monomer and broadly distributed nanostructures, defined casein micelles comprise significant part of
the cross-linked as well as of the non-cross-linked samples. Increased density of the micelles together with
pronounced beta-sheet formation and changes in gel stiffness can support a hypothesis of intramicellar crosslinking. This behaviour was systematically studied by the combination of the above separation methods, FTIR,
rheology measurements as well as AFM and cryo-TEM.

90/133

6. Advanced characterization of natural polymers

Oral presentation 8

COMPREHENSIVE CHARACTERIZATION OF NATURAL RUBBER
SAMPLES USING THERMAL FIELD-FLOW FRACTIONATION (TF3)
COUPLED WITH ONLINE MULTI-ANGLE LIGHT SCATTERING DETECTION
(MALS), VISCOSITY DETECTION AND EVAPORATIVE LIGHT
SCATTERING DETECTION (ELSD) – MAXIMIZING THE AMOUNT OF
INFORMATION FROM A SINGLE SEPARATION EXPERIMENT
Heinzmann Gerhard, Meier Florian, Klein Thorsten
Postnova Analytics GmbH, 86899 Landsberg, Germany, info@postnova.com

Abstract
Thermal Field-Flow Fractionation (TF3) is a reliable analytical tool for the separation and Synthetic Polymers in
organic solvents. Principle of all FFF systems is a separation field that is perpendicular to the laminar eluent
flow in a separation channel. In case of Thermal FFF the separation field is a temperature gradient between an
upper hot wall and a lower cold wall of the separation channel.
Thermal Field-Flow Fractionation can not only separate polymers by size and molecular weight but also by their
chemical composition. This is an important feature for the separation of complex copolymer samples.
Several application examples will be discussed within this presentation that illustrate the performance of TF3
coupled with Triple Detection (online Multi-Angle Light Scattering (MALS), Viscosity Detection and Evaporative
Light Scattering Detection) for the comprehensive characterization of Synthetic Polymers and Natural Rubber
samples.
Using the results for absolute molecular weight that can be obtained from the MALS detector and the Intrinsic
Viscosity data from the Viscometer detector the Mark-Houwink-Plot (log IV vs log M) can be generated which is
the most important structure plot in polymer analysis [1].
From the Mark-Houwink plot information about the structure of the polymer coil in solution and information
about the degree of branching of a branched polymer sample is accessible [2].
Literature
[1] S. Mori, H.G. Barth: Size Exclusion Chromatography, Springer-Verlag, Berlin,
Heidelberg (1999)
[2] Zimm, B.H., Stockmayer, W.H.: J. Chem. Phys. 17, 1301, (1949)
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Fractogram of a Natural Rubber Sample dissolved in THF; dark blue: Viscosity Detector, green: MALS 90°, red:
RI, magenta: UV, light blue: ELSD
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NOVEL SELF-ASSEMBLED STEROID-SILK FIBROIN PARTICLES FOR
DELIVERY OF AGROCHEMICALS AND DIOSGENIN.
Quinones, Javier P., Mardare, Cezarina C., Hassel, Achim W., Brueggemann, Oliver
1st and 4th author: Johannes Kepler University Linz, Institute of Polymer Chemistry, Altenberger Strasse 69,
4040 Linz, Austria.
2nd and 3rd author: Johannes Kepler University Linz, Christian Doppler Laboratory for Combinatorial Oxide
Chemistry (COMBOX) at Institute of Chemical Technology of Inorganic Materials,
Altenberger Strasse
69, 4040 Linz, Austria.

Abstract
Abstract
The present research aims on the hydrophobic modification of water soluble silk fibroin (SF) with two synthetic
brassinosteroids (DI31 and S7) used as agrochemicals and the anticancer steroid diosgenin, for their sustained
release. Attenuated total reflectance Fourier transform infrared (ATR-FT-IR) and proton nuclear magnetic
resonance (1H-NMR) spectroscopies assessed the steroid grafting into SF. The amphiphilic steroid-SF
conjugates can self-assemble in aqueous medium as stable and negatively charged particles of 510 to 560 nm
and -32.1 to -34.3 mV, as shown by using dynamic light scattering, while scanning and transmission electron
microscopies revealed ca. 200 nm rounded or irregular like-flake particles and some aggregates in dried state.
These particles exhibited controlled steroid delivery in an acidic aqueous medium over 72 h, and good
stimulatory agrochemical activity in a radish cotyledons assay. Thus, prepared steroid-SF conjugates, which
form self-assembled particles in water, might be promising candidates for controlled release of agrochemicals
to be applied in agriculture.
Results
The commercial SF (Mw ca. 20 000-30 000 g/mol) was purified by dialysis (SpectraPor 4, MWCO 12-14 kDa)
against bi-distilled water prior to reaction. The synthesis of steroid-SF conjugates involved mildly esterification
between SF, particularly the tyrosine and serine residues, and the N-hydroxysuccinimide esters of the steroid
hemisuccinates [1], using 4-(dimethylamino)pyridine. Steroid grafting into SF reached 4.0 mol% (diosgenin), 1.0
mol% (DI31) and 3.7 mol% (S7) as calculated from elemental analysis. The integral of characteristic 1H-NMR
signal at 5.35 ppm in diosgenin-SF conjugate (1H, proton of olefin H6 in diosgenin), when related to the integral
of SF proton signal ca. 7 ppm (aromatic protons of tyrosine and phenylalanine residues in SF) [2,3], confirmed
a 4.7 mol% of diosgenin. In addition, 1H-NMR spectra of steroid-SF conjugates also showed the characteristic
steroid signals of methyl groups at 0.6 to 1.0 ppm. The intense peaks of the constituent aminoacids of SF
dominate the IR spectra. However, the C=O peak of the new steroid-SF ester bond formed is observed at 1698
cm-1 as a very slight shoulder. Furthermore, diosgenin-SF exhibits the characteristic hemisuccinate ester peak
at 1731 cm-1 (C=O stretching). Hydrodynamic particle diameters were slightly smaller when measured in
phosphate buffer saline solution (PBS, pH 7.4) compared to water: diosgenin-SF: 543 ± 2 nm in PBS/563 ± 2
nm in water, DI31-SF: 529 ± 4 nm in PBS/535 ± 4 nm in water and S7-SF: 510 ± 1 nm in PBS/561 ± 3 nm in
water. As observed in the transmission electron micrographs (Fig. 1), the steroid-SF particles appear as single
particles and some aggregates of ca. 200 nm sizes with rounded or like-flake form. In vitro steroid sustained
release in PBS at pH 6.0 was extended up to 72 h, while good agrochemical activity in radish seeds test was
also observed.
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Figure 1. Transmission electron micrographs of: (a) diosgenin-SF, (b) DI31-SF and (c) S7-SF at 21 000
magnifications.
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NEW PYROLYSIS-GC/MS SYSTEM INCORPORATED WITH ON-LINE
MICRO-UV IRRADIATION FOR RAPID EVALUATION OF PHOTO,
THERMAL, AND OXIDATIVE DEGRADATION OF POLYMERS: STUDIES
ON EPDM AND HIPS
Soll, M., Hosaka, A., Watanabe, I., Watanabe, C.
Frontier Laboratories LTD, Koriyama, Fukushima 963-8862, Japan

Abstract
Weather meter and outdoor exposure tests to study polymer degradation require a long period of testing time,
e.g. for a few months. Volatile degradation products can’t be analyzed. A newly designed GC/MS-based
technique [1] which employs a µ-furnace pyrolyzer combined with UV light from a Xenon lamp is used in two
studies:EPDM and HIPS (containing BR).
The evolved gas analysis of EPDM sample irradiated for 1 hr showed that the degradation by the peak
intensity, peak top temperature, and half-height width of the main peak on the thermogram. Oxidized products
originated from propylene units were formed as volatile degradation products. Straight chain aldehydes such as
nonanal were observed.
Formation of typical volatiles from the HIPS sample originating from PS and 2-propenal from BR, indicates the
contribution of oxidative reactions in the polymer chains. The EGA thermogram of the residual HIPS sample is
reflecting structural changes in HIPS during the irradiation.
The micro irradiator achieved comparable degradation processes of polymeric materials 300x faster than
conventional accelerated degradation test.
[1] C.Watanabe, S.Tsuge, H.Ohtani, Development of new pyrolysis–GC/MS system incorporated with on-line
micro-ultraviolet irradiation for rapid evaluation of photo, thermal, and oxidative degradation of polymers,
Polym. Degrad. Stab. 2009, 94, 1467-1472.

Schematic drawing of PY-GC/MS system incorporated with on-line Micro-UV (Xe) irradiator
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ISOELECTRIC POINT CHARACTERIZATION OF PROTEINS BY ATOMIC
FORCE MICROSCOPY
Vancso, G., J.
1MESA+ Institute for Nanotechnology, University of Twente, the Netherlands
2 Nanyang Technological University, School of Materials Science and Engineering, Singapore

Abstract
Biofilm forming, bacterial adhesion, and settlement of fouling species e.g. in marine environments depend on
several physico-chemical parameters related to the surface of the substrates and the foulants. The first steps of
fouling is often related to protein adsorption. Thus knowledge of the Coulombic charge and protein isoelectric
point values are of pivotal importance to understand and control fouling (and protein attachment). However,
often only trace amounts of unknown (adhesion) proteins are available for characterization, which poses a
challenge to conventional analytical techniques. Here we introduce a new method that requires the use of only
minute quantities (on the order of hundreds to a few thousands) of macromolecules covalently immobilized to
the surface of AFM colloidal probes to determine isoelectric points of proteins [1]. We first validate our
approach using well-known structures, and then study the surface charge of “footprint” adhesion proteins
secreted by barnacle cyprid larvae of Amphibalanus Amphitrite during their search of settlement spots in sea
water. We measure adhesion forces of the tip- immobilized proteins against positively and negatively charged
robust and smooth surfaces [2], made by sequential deposition of polyelectrolytes, as a function of pH. The use
of such reference substrates allowed us to study the influence of only one parameter (surface charge) while
keeping the others (roughness, chemical composition) essentially unchanged. Examples for combating marine
and bacterial fouling will be shown to illustrate possible applications.
[1] Guo, S., Zhu, X., Janczewski, D., Lee, S.S.C., He, T., Teo, S.L.M., Vancso, G.J. Measuring protein
isoelectric points by AFM¬based force spectroscopy using trace amounts of sample (2016) Nature
Nanotechnology, 11 (9), pp. 817¬823.
[2] Zhu, X., Janczewski, D., Guo, S., Lee, S.S.C., Parra Velandia, F.J., Teo, S.L.¬M., He, T., Puniredd, S.R.,
Julius Vancso, G.J. Polyion multilayers with precise surface charge control for antifouling (2015) ACS Applied
Materials and Interfaces, 7 (1), pp. 852¬861.
Keywords: molecular isoelectric point, proteins, atomic force microscopy, nanoscale adhesion
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CHEMICAL AND THERMAL CHARACTERIZATIONS OF RESOLE &
NOVOLAC BIO-PHENOLIC RESINS FROM OIL PALM EMPTY FRUIT
BUNCH FIBER
Syed Hashim,Sharifah Nurul Ain, Syed Jaafar,Sharifah Nabihah, Ab Rahim, Siti Noorul Aina,
Roslan,Rasidi, Zakaria,Sarani, Chia,Chin Hua
Bioresources and Biorefinery Laboratory, Faculty of Science and Technology, Universiti Kebangsaan Malaysia,
43600 UKM Bangi, Selangor, Malaysia
Faculty of Industrial Sciences & Technology, Universiti Malaysia Pahang, Lebuhraya Tun Razak, 26300
Gambang, Kuantan Pahang, Malaysia

Abstract
Phenolic resin exhibits superior mechanical and chemical performance as well as thermal stability as compared
to other thermosetting resin. Phenolic resin is important and widely used in many applications especially
automotive and structural materials. However due to fluctuation and price increases of oil resource and
chemicals, researches strived to explore for alternative sources. Lignocellulosic materials e.g. oil palm empty
fruit bunch (EFB) fiber has a potential alternative as carbon source in the resin production. Moreover, EFB fiber
is a renewable resources and abundantly available in Malaysia. The objective of this study was to investigate
the chemical and thermal characterizations of resole and novolac bio-phenolic resins derived from EFB fiber
which undergone liquefaction and co-condensation reactions. During liquefaction, EFB fiber was liquefied with
phenol by using 1:3 ratios in the presence of 5 % sulphuric acid as catalyst and cooked for 90 minutes at
150°C. The reacted product was added with methanol, filtered and rotary evaporated to obtain liquefied empty
fruit bunch (LEFB). Novolac resin was prepared by adding 37% formalin to the LEFB with molar ratio 1:0.5 and
stirred for 70 minutes at 85°C. Meanwhile resole resin was prepared by mixing LEFB with formaldehyde with
molar ratio of 1:1.5 at temperature of 60°C for the first hour and 80°C at second hour under alkaline condition.
Prior to the addition of formaldehyde, 40 % of sodium hydroxide was added to LEFB until the pH increased to 9
meanwhile the second addition was during the temperature of 80°C to keep the alkalinity of the environment.
The FTIR results showed the formation of methylene bridge in the synthesized resins which depicted around
1450 cm-1 and 1470 cm-1.The methylene bridge intensity of novolac was more intense compared to resole
resin due to the crosslinking formation between phenol/phenol derivatives with formaldehyde that preferably
occurred in novolac. Consequently, the molecular weight of synthesized novolac resin was higher (4608
kg/mol) than resole resin (2041 kg/mol). Thus, novolac resin also exhibited better thermal stability due to high
amount of aromatic polymers. The characterizations of these synthesized resins were different because of
different mechanism reaction happened during synthesis process. It is important and crucial to investigate the
properties as they lead to different performance and potential applications.
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POLY(LACTIC-CO-GLYCOLIC ACID) NANOPARTICLES IN CELL MEDIA
USED AS BIOCOMPATIBLE SUBSTRATES IN PHARMACEUTICAL
APPLICATIONS: COMPREHENSIVE CHARACTERIZATION WITH
CENTRIFUGAL FIELD-FLOW FRACTIONATION (CF3) COUPLED WITH
ONLINE DYNAMIC LIGHT SCATTERING (DLS)
Meier Florian (1), Spallek Markus (1), Spek Silvia (2), Langer Klaus (2), Klein Thorsten (1),
(1) Postnova Analytics GmbH, Max-Planck-Str. 14, 86899 Landsberg, Germany
(2) Institute of Pharmaceutical Technology and Biopharmacy, University of Muenster, Germany

Abstract
Centrifugal Field-Flow Fractionation (CF3) is a powerful subtechnique of Field-Flow Fractionation. While in
Asymmetrical Flow Field-Flow Fractionation (AF4) separation is only based on the hydrodynamic size, CF3
additionally exploits density differences of the analytes resulting in an enhanced separation force and thus
improved resolution. Moreover, Online Dynamic Light Scattering (DLS) enables recording of hydrodynamic
sizes in real-time rendering this setup a powerful hyphenation (CF3-DLS) for the separation and
characterization of nano- and microparticles over a wide size range.
In this presentation, CF3-DLS is used to characterize PLGA (Poly(lactic-co-glycolic acid)) sub-microparticles. In
order to investigate their behavior under physiological conditions, the PLGA-particles were dissolved in cell
medium and incubated for defined time durations at 37 °C. CF3-DLS analysis was subsequently performed
using cell medium as carrier solution thereby closely mimicking the conditions during incubation. By these
means, CF3-DLS provides valuable insights in the behavior of a biocompatible particle system, which shows
promising properties towards the application in pharmaceutical applications, such as e.g. drug delivery.
This work was part of MINAC: Mechanisms of the Interaction of Nanoparticles with Cells
MINAC support code: 0315773D
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Characterization of PEG-PLGA Nanoparticles in Cell Medium: Monitoring of Changes in Size during an
Incubation Process
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SUPRAMOLECULAR ORGANIZATION IN CALF-THYMUS DNA SOLUTIONS
UNDER FLOW IN DEPENDENCE WITH DNA CONCENTRATION
Bravo-Anaya, Lourdes Monica, Pignon Frédéric, Soltero J.F. Armando, Roux Denis, Rinaudo
Marguerite
University Grenoble Alpes, LRP, F-38000 Grenoble (France)
CNRS, LRP, F-38000 Grenoble (France)
Universidad de Guadalajara, Departamento de Ingeniería Química. Blvd. M. García Barragán #1451, C.P.
44430, Guadalajara, Jalisco (México)
Biomaterials applications, 6 rue Lesdiguières. 38000 Grenoble (France)

Abstract
DNA is a long linear polyelectrolyte containing nucleotides as their basic units and bearing the hereditary
genetic information of living organisms. DNA dynamics and flow properties are of great importance for
understanding its functions. At high DNA concentrations, molecules having large contour length are entangled,
forming a dynamic network leading to an elastic behavior, which could prevent DNA partition after replication
during cell division. In addition, DNA semi-flexible polymer chains are characterized by having a large
persistence length (around 50 nm) and high charge density, interacting efficiently at high concentrations, in
dependence of the ionic concentration. In relation with DNA molecular characteristics, it is also known that DNA
solutions are able to form liquid crystalline phases over a critical polymer concentration.
In this work, the supramolecular organization in entangled calf-thymus DNA appearing under flow was studied
in a wide DNA concentration range from 2.0 to 10.0 mg/mL, at a pH of 7.3 and 20 oC. The rheological behavior
of the system was studied using steady state flow and oscillatory measurements. Transitory regimes were also
tested by imposing controlled shear rates on a short time up to steady state. Furthermore, a combination of
visual observations and flow birefringence measurements was proposed to reach a better understanding of the
obtained rheological behavior. The presence of a shear-induced texture is revealed for these calf-thymus DNA
solutions at CDNA>5.0 mg/mL attributed to the organization of DNA domains in the solution under flow. Finally,
it is shown that, for these DNA solutions, the orientation of organized DNA domains under flow goes to a
nematic phase at high shear rates (over 100 s-1).
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QUANTITATIVE METHODS FOR THE CHARACTERIZATION OF THE
DEGRADATION AND RELEASE KINETICS OF AMORPHOUS POLY(3HYDROXYBUTYRATE)
Polyák, Péter, Pukánszky, Béla
Laboratory of Plastics and Rubber Technology, Budapest University of Technology and Economics,
Muegyetem rkp. 3. H./I., P.O. Box 91, H-1521 Budapest, Hungary
Institute of Materials and Environmental Chemistry, Research Center for Natural Sciences, HAS, Magyar
tudósok körútja 2., P.O. Box 286, H-1519 Budapest, Hungary

Abstract
The potentials of biosynthetic polyhydroxyalkanoates (PHAs) in medical applications and controlled drug
release are intensively studied in the field of biotechnology. The degradation of these materials yields non-toxic
metabolites, thus they can be used even under in vivo conditions, and the cost efficiency and the accessibility
of biosynthetic PHAs also improved considerably over the last decade. Consequently, the application of
polyhydroxyalkanoates as drug carrier matrices would be advantageous over several other conventional
products e. g. compressed capsules, hydrogels, etc. However, in order to develop PHA based drug carriers
having actual industrial potential, their degradation and release kinetics must be properly characterized. Such
kinetical characterization might be achieved by using quantitative methods which monitor the time dependent
degradation of the polymer or the concentration of drug molecules either in the carrier matrix and/or in the
surrounding media. Quite a few of these methods are applied routinely and provide reliable results, but in some
cases, especially when a PHA based matrix is used, conventional measurements might not be sufficient for the
unambiguous determination of degradation or release kinetics. The lack of appropriate methods for PHA,
however, certainly does not mean that the members of the polyhydroxyalkanoate family cannot be applied as
drug carrier matrices. In this presentation we introduce a number of novel techniques which facilitate the
quantitative analysis of the degradation kinetics of, and drug release from amorphous poly(3-hydroxybutyrate)
(PHB) matrices.
The hydrolytic or enzymatic degradation of PHB is carried out in aqueous medium. Degradation kinetics can
be followed by the monitoring of the composition of the degrading polymer or that of the solution. The
metabolites formed are often determined by UV-VIS spectroscopy, but the absorption of the monomer, the
main product of degradation, is close to the detection limit of the apparatus. A method has been developed
which uses the evaporating light detector (ELS) of a HPLC chromatograph. The size of the evaporating
particles depends on the concentration of the dissolved metabolites, which is calculated from the detector
signal using the Clausius-Clapeyron principle. Amorphous PHB films are fully transparent, thus the presence of
a colored drug molecule discolors the film. Immersing one end of the film into a solvent dissolves the drug and
generates a concentration gradient. The mathematic analysis of the gradient yields the diffusion coefficient of
the drug molecule directly. Another method is based on the phenomenon of hypsochromic shift, i.e. the
dependence of color on the surrounding medium, which occurs when the drug molecule leaves the polymer
(carrier) and dissolves into the aqueous media. Monitoring the drift in absorption peak maximums as a function
of time and proper analysis yields the required diffusion coefficient. A novel spectrophotometric method was
also developed, which combines the advantageous features of contemporarily applied UV-VIS
spectrophotometry, i.e. swift but expensive DAD detector, with the cost efficiency of a single-diode
arrangement.
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RAPID DETERMINATION OF OLIGOMERIC HINDERED AMINE LIGHT
STABILIZERS IN POLYMERIC MATERIALS
Kreisberger, Georg, Buchberger, Wolfgang
Johannes Kepler Univeristät, Altenbergerstraße 69, 4040 Linz, Austria

Abstract
Polymeric materials play an important role in our daily life and became indispensable in many technical fields.
One important subfield in the manifold applications is their use in outdoor applications such as in building and
construction or automotive industry. In order to protect the material against UV-(sunlight)-induced oxidation and
degradation light stabilizers have to be added. One of the most important class of UV-stabilizer employed in
polymeric materials are hindered amine light stabilizers (HALS).
Due to several reasons oligomeric HALS are rather challenging analytes: They are often oligomeric compounds
with molecular masses from several hundred up to 10000 g/mol. For example the HALS Tinuvin 622 (CASNumber 65447-77-0) is a mixture of nearly 50 different oligomers [1]. Furthermore, straightforward HPLC
analysis is not possible, since the amino functions of the HALS exhibit strong interactions with residual silanol
groups of commonly used reversed phase materials leading to irreversible interactions [1, 2].
In the last years several methods for the characterization of oligomeric HALS have been published, including
CZE [3, 4] and HPLC [2,5] methods. However, these methods are just limited suited for quantitative routine
analysis. CZE is still not commonly available in analytical laboratories in the industry. The introduced HPLC
methods exhibit other drawbacks, such as highly sophisticated offline detection (employing matrix assisted
laser desorption ionization) [5], insufficient elution of bigger oligomers (only up to molecular masses of 2500
g/mol) [2], and long run-times of more than 1.5 hours [1]. Furthermore, it was shown that the oligomeric pattern
of the same HALS can very between different suppliers or can change during processing. This complicates or
even makes reliable quantitation impossible with the described methods, since no analytical standards for each
HALS oligomer are commercially available.
The presented method bases on a single peak elution approach capable of analyzing oligomeric HALS
independent of their oligomeric pattern. This could be realized by using a pH-gradient that enables a fast
separation of the polymer-extract matrix and the HALS. The separation was performed on a C18 precolumn (4
× 2 mm ID) in order to ensure a fast elution of also big HALS oligomers. Calibration curves within the
concentration range relevant for the analysis of real polymer samples (LOQ 100 mg L-1) were constructed with
R2 values above 0.99. Spiked polymer samples showed recovery rates between 97.3 and 102.9 % and for 5
different oligomeric HALS. Relative standard deviations were between 2.0 and 3.9 %.
[1] I. Hintersteiner, M. Reisinger, M. Himmelsbach, W. Buchberger, J. Sep. Sci. (2016), 39, 1056-1066
[2] M. Reisinger, S. Beissmann, W. Buchberger, Anal. Chim. Acta (2013), 803, 181-187
[3] I. Hintersteiner, M. Himmelsbach, C. Klampfl, W. Buchberger, Electrophresis (2014), 35, 1368-1374
[4] I. Hintersteiner, T. Schmid, M. Himmelsbach, C. Klampfl, W. Buchberger, Electrophresis (2014), 35, 29652971
[5] X. Kong, X. Diao, Q.-H. Wan, J. Chromatogr. A (2014), 1364,198-203
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INFLUENCE OF LONGEST ETHYLENE AND PROPYLENE SEQUENCES
ON CRYSTALLIZATION ELUTION FRACTIONATION OF
ETHYLENE/PROPYLENE COPOLYMERS
Voraruth, Voradon, Anantawaraskul, Siripon, Mehdiabadi, Saeid, Soares, Joao B.P.
Center of Excellence on Petrochemicals and Materials Technology, Department of Chemical Engineering,
Faculty of Engineering, Kasetsart University, Bangkok 10900, Thailand
Center for Advanced Studies in Nanotechnology and Its Applications in Chemical, Food and Agricultural
Industries, Kasetsart University, Bangkok 10900, Thailand
Department of Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta T6G 1H9,
Canada

Abstract
Chemical composition distribution (CCD) is one of important microstructural distributions for ethylene/1-olefin
copolymers because it strongly influences the physical and mechanical properties. Crystallization elution
fractionation (CEF) is the most recent crystallization-based technique developed to estimate CCD. This
technique has been shown to provide better resolution and require less analysis time than those of other
crystallization-based techniques.
Recently, CEF of ethylene/propylene copolymers with a full range of compositions has been investigated and a
comprehensive U-shaped correlation between comonomer content and elution temperature was reported. This
results provides the full picture for both ethylene-rich and propylene-rich copolymers. For ethylene-rich
copolymers, an insertion of propylene can disrupt the chain regularity, decrease the chain crystallizability, and
reduce the elution temperature. However, for propylene-rich copolymers, a further increase in propylene
content lead to an increase in chain crystallizability and higher elution temperature. In fact, the presence of
ethylene in the latter case can also be viewed as the disruption in regularity of propylene-rich copolymers.
However, the quantitative details on how both ethylene sequence and propylene sequence play a role on
overall chain crystallizability and CEF fractionation process have not yet been fully understood.
To describe the fractionation mechanism of CEF, our research group has developed a CEF model based on
the concept of population balance together with crystallization and dissolution kinetics. The model was
successfully used to simulate the CEF profiles of ethylene/1-olefin copolymers with up to 3.9 % comonomer
content by considering that the longest ethylene sequence (LES) is the key factor determining chain
crystallizability. Of course, this model still cannot describe the U-shape correlation because it can provide the
description for only a part of the picture (i.e., the ethylene-rich copolymers) without considering the possibility
that longest propylene sequence (LPS) may also lead to chain crystallization.
In this work, the previously proposed CEF model was modified and extended for describing the experimental
CEF results of ethylene/propylene copolymers with a full range of compositions. In the model, LES and LPS for
each chain were determined using Monte Carlo simulation and the corresponding crystallization temperatures
of both LES and LPS were calculated and compared to decide if a particular chain will be crystallized and
dissolved due to LES or LPS. A set of ethylene/propylene copolymers with a full range of compositions was
synthesized using a single-site-type catalyst and analyzed with CEF for parameter estimation and model
validation. The model was found to describe the experimental CEF profiles of ethylene/propylene copolymers
with a full range of compositions and the U-shape correlation well.
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MULTIDIMENSIONAL ANALYSIS OF POLYMERS WITH FIELD-FLOW
FRACTIONATION AND FOURIER TRANSFORM INFRARED
SPECTROSCOPY
Radebe, Nonkululeko, Beskers, Timo, Pasch, Harald
Department of Chemistry and Polymer Science, University of Stellenbosch, South Africa
PSS Polymer Standards Service GmbH, In der Dalheimer Wiese 5, 55120 Mainz, Germany

Abstract
Innovation in polymer synthesis techniques have led to a production of complex polymers including block
copolymers, blends, graft copolymers etc, with unknown chemical composition, functionality and architecture.
The task of characterizing these polymeric materials has now become a challenge and has accelerated the
need for hyphenated techniques that will provide adequate information regarding all the different distributions.
The increased use of hyphenated techniques has prompted the development of online coupling of thermal field
flow fractionation (ThFFF) and Fourier transform infrared spectroscopy (FTIR). ThFFF, is able to separate over
both composition and size. FTIR provides simultaneously correlated chemical information.
Measuring the correlated chemical composition and the molecular weight in an online manner is preferred to
manually collecting fractions and characterize them one at a time. The presented coupled method will decrease
the time needed in the labour consuming FFF and subsequent analysis by FTIR, offline. Coupling FFF with
FTIR is valuable when there are compositional changes over elution volume. By selecting spectral bands that
are unique to each solute, one can see and measure the distribution of the individual solute components across
the elution pro?le, even when those components may not be chromatographically resolved. In one integrated
procedure, THFFF -FTIR can provide molecular and structural characterization of complex multicomponent
samples.
The setup of the method will be presented as well as data treatment and example measurements.
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TANDEM GPC-MALDI-TOF-MS
Town, James, S, Haddleton, David, M
Department of Chemistry, University of Warwick, Library Road, CV4 7AL, Coventry, United Kingdom

Abstract
MALDI-TOF-MS has proven to be a powerful tool for the analysis of polymers, providing exact mass
measurements of polymer chains, and allowing powerful resolution of trace elements in polymer mixtures when
compared to other techniques such as GPC. This technique, however, is not without its downsides, things such
as; an inherent low mass bias (resulting in a reduction in relative quantitation), resolution limitations, and a limit
on the observed dispersity (usually < 1.2 irrespective of the real molecular weight distribution).
The work investigates ways of overcoming these issues by combining MALDI-TOF-MS with other techniques
such as GPC and HPLC. To achieve this we employ the Bruker Proteineer, a robotic automatic MALDI plate
spotter, to fraction off the eluent from the chromatographic method preparing it for MALDI-TOF-MS analysis.
Currently, the focus has been on designing sample preparation for the HPLC/GPC-MALDI-TOF-MS, including
the choice of solvents/matrices to provide a coverage of as many polymer compounds as possible. This allows
for MS to be recorded across a mass distribution allowing for the reconstruction of the real molecular weight
averages and also to see how polymer end groups vary across the mass range.
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JAPANESE LACQUER FILM ANALYSIS BY USING PYROLYSIS
COMPREHENSIVE TWO-DIMENSIONAL GC (PY/GCXGC) AND HIGHRESOLUTION TOFMS WITH ELECTRON IONIZATION AND
PHOTOIONIZATION
Hashimoto, Masahiro, Ubukata, Masaaki, Onodera, Jun, Niimura, Noriyasu, Dane, John,
Kamiya, Yoshimi
JEOL Ltd, 1-2 Musashino 3-Chome, Akishima, Tokyo 196-8558, Japan
JEOL USA, Inc., 11 Dearborn Road, Peabody, MA 01960, USA
Tokyo Metropolitan Industrial Technology Research Institute, 2-4-10, Aomi, Koto-ku, Tokyo 135-0064, Japan

Abstract
Japanese lacquer film called “Urushi” is a natural polymer that has been used as a paint and adhesive for
living-wares and craft-wares for approximately 8,000 years. “Urushi” has a complex structure that researchers
are trying to understand using pyrolysis-gas chromatograph/mass spectrometer (Py/GC/MS) system. Recently,
we developed a new gas chromatograph/high resolution time-of-flight mass spectrometer (GC/HR-TOFMS)
system that can be used for comprehensive two-dimensional GC (GCxGC) measurements. Additionally, we
developed a unique combination electron ionization/photoionization (EI/PI) ion source that can be used with this
GC/HR-TOFMS system. In this work, we measured “Urushi” samples using this unique Py/GCxGC/HR-TOFMS
system in combination with our new combination EI/PI ion source.
The Japanese lacquer film was analyzed by using a JMS-T200GC “AccuTOFTM GCx” (JEOL Ltd.), gas
chromatograph / high-resolution time-of-flight mass spectrometer equipped with a Py-2020iD pyrolyzer (Frontier
Lab) system, a 7890B GC (Agilent Technologies) and a KT2009 thermal modulator (Zoex Corporation) for
GCxGC separations. We used a 30 meter BPX5 (SGE Analytical Science Pty. Ltd) non-polar GC column as
the 1st column and a 2 meter BPX50 (SGE Analytical Science Pty. Ltd) as the 2nd column. We used electron
ionization (EI) for hard ionization and photoionization (PI) for soft ionization in this study.
We observed approximately 1,000 compounds in the lacquer sample using an automatic peak search function
for the GCxGC/EI data. A 2-dimentional extracted ion current chromatogram (2D-EICC) was constructed for
m/z 123.044 (C7H7O2+), which is a common fragment ion for the alkyl catechols. This 2D-EICC allowed us to
easily identify two series of compounds that included the 3-saturated alkyl catechols and 4-saturated alkyl
catechols. In past research, only the 3-saturated alkyl catechols were focused upon during the analyses as the
main thermal decomposition compounds for the “Urushi”. The 4-saturated alkyl catechols were minor
components that would co-elute with the 3-saturated alkyl catechols using a regular 1D GC. These compound
series have different polarity characteristics so they are separated by the 2nd GC column.
The PI mass spectra showed molecular ions for many of the compounds in the sample. PI is a much softer
ionization method, so it can be used to obtain molecular ion information for target compound analyses. The PI
2D-EICC made it much easier to interpret the data and correctly assign the target compounds identities.
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2-dimentional chromatograms for the GCxGC/EI data, (left: TICC, right: EICC for m/z 123.044)
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MOLECULAR CHARACTERIZATION OF NON-IONIC SURFACTANTS AND
THEIR HYDROLYSIS PRODUCTS USING HIGH RESOLUTION MALDI TOF
MS COMBINED WITH KENDRICK MASS DEFECT ANALYSIS
Sato, Hiroaki, Fouquet, Thierry, Shimada, Haruo, Maeno, Katsuyuki
Research Institute for Sustainable Chemistry, National Institute of Advanced Industrial Science and Technology
(AIST), 1-1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan.
Shiseido Global Innovation Center, 2-2-1 Hyabuchi, Tsuzuki-ku, Yokohama 224-8558, Japan.

Abstract
In cosmetics, topical lotions and creams are formulated with several non-ionic surfactants which typically
consist of a hydrophilic tail (e.g. poly(ethylene oxide), PEO) capped with hydrophobic heads (e.g. fatty acid
esters). Non-ionic surfactants are notoriously complex chemicals owing to the dispersity of the hydrophobic
chain (e.g. degree of polymerization of PEO) and the structural distribution of the hydrophobic end-groups (e.g.
number of carbons and degree of unsaturation of the fatty acids). For the sake of quality and safety of the end
product, the combination of high resolution mass spectrometry with a Kendrick mass defect analysis is
proposed as a powerful analytical strategy to gain unprecedented insights into the composition of pristine nonionic surfactants as well as their degradation products under normal use.
Commercially available PEO “monostearate” (40 EO) and ethoxylated hydrogenated castor oil (10 EO) were
used as model samples. The hydrolytic degradation was conducted in phosphate buffer at pH 7. High
resolution matrix assisted laser desorption ionization (MALDI) mass spectra were recorded using a JMS-S3000
MALDI spiral TOFMS (JEOL, Japan), electrospray ionization (ESI) tandem mass spectra were recorded using
an amaZon SL-STT2 ion trap (Bruker, Germany) and samples were fractionated by size exclusion
chromatography.
The MALDI mass spectrum of PEO “monostearate” displays six distributions (average molecular weight ~ 2000
Da) assigned to PEO chains capped with one or two fatty acids in addition to an uncapped PEO hydroxylterminated series. Fatty acid esters are stearate (C17H35COO-) and palmitate (C15H31COO-), highlighting the
inherent richness of such technical grade samples. As for the ethoxylated hydrogenated castor oil, its generic
structure may be described as a PEO chain inserted between a glycerol end-group and a varying number of
hydrogenated ricinoleate moieties (from one to twelve) in light of its MALDI and ESI mass spectra.
Beyond the sole mass spectra, these complex compositional distributions are readily visualized using a
Kendrick mass defect (KMD) analysis [1]. By setting EO as the base unit of a new Kendrick mass scale
(C2H4O, at 44.0261 in the IUPAC scale and arbitrarily fixed at 44.0000), a KMD plot displays all the ion series
in a 2D graph discriminating the PEO distributions based on their hydrophobic heads. Congeners with a varying
number of EO units line up horizontally while the components carrying different hydrophobic parts shift along
the vertical axis.
The composition of surfactants immersed for 15 days in a buffered aqueous solution drastically differs from the
pristine samples and depends on the surfactant itself. The main degradation products of PEO “monostearate”
are shortened and oxidized PEO chains detected below m/z 1500. On the contrary, the release of
hydrogenated ricinoleate moieties through the hydrolysis of the ester groups is the main degradation pathway
of the ethoxylated hydrogenated castor oil while chain shortening is barely observed. Such compositional
changes are visually highlighted using the KMD plots from the pristine and aged samples as a reliable way to
unravel the hydrolysis routes.
[1] H. Sato, S. Nakamura, K. Teramoto, T. Sato, J. Am. Soc. Mass Spectrom., 25, 1346-1355 (2014)
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CHARACTERIZATION OF SUPRAMOLECULAR EMERALDINE-BASE
Naar, Nacira, N.Naar, Pron, Adam, A.Pron, Marguerite, Rinaudo, M.Rinaudo, Ahmed,
Benaboura, A.Benaboura
Laboratoire de Synthèse Macromoléculaire et Thio-Organique Macromoléculaire, Université des Sciences et de
la Technologie Houari Boumediene ; Faculté de Chimie BP 32 El Alia Bab- Ezzouar 16111 Alger, Algérie. Tel :
+ 213 (0) 21 24 79 50-64 poste 989/ 0661550361 Fax : + 213 (0) 21 24 73 11 Email : lsmtm@usthb.dz
Centre de recherche sur les Macromolécules Végétales (CERMAV), CNRS, BP53X, 38041 Grenoble cedex 9,
France. Present address :European Synchrotron Radiation Facility, BP 220-38043 Grenoble cedex 9, France.
Laboratoire de Physique des Métaux Synthétiques, UMR5819 (CEA-CNRS-Université J. Fourier-Grenoble I),
DRFMC, CEA-Grenoble, 17 Rue des Martyrs, 38054 Grenoble Cedex 9, France, present adress: Faculty of
Chemistry, Warsaw University of Technology, Noakowskiego 3, 00664-Warszawa, Poland.

Abstract
Soluble emeraldine-base (PANI-EB) was prepared and its structure was characterized using 1H, 13C and 2D
(COSY, HMQC and HMBC) NMR. The solubility of the polymer in two solvents (N-methylpyrrolidone (NMP)
and dimethyl sulfoxide (DMSO), the structure of the solution (aggregation) and the behaviour of polyaniline
were studied by viscometer and by dynamic light scattering (DLS) in dilute solution. Viscometric behaviour in
NMP and Huggins constant determination confirm supramolecular interactions also evidenced by DLS; at end,
the molecular weight of the soluble fraction of PANI-EB is determined.
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SIGNIFICANCE OF INTERFACIAL DESIGN ON HIGH PERFORMANCE OF
CARBON FIBER COMPOSITE FOR ELECTROMAGNETIC SHIELDING
APPLICATION
Rani Rohini, Suryasarathi Bose
Polymer Processing Lab, Materials Engineering Department, Indian Institute of Science, Bangalore-560012,
India

Abstract
Carbon fiber reinforced composites have been in demand for various high end applications, like aerospace and
automobile industries. But the issue of weak interface between fiber and matrix has been an issue in order to
achieve longer service period. We have attempted to address this concern by modifying of epoxy host matrix
with functional graphene oxide, and hence infusing into bidirectional carbon fiber mat. Firstly, graphene oxide
was chemically reduced with epoxy resin and was thoroughly characterized, using AFM, FTIR, XRD, to confirm
the presence of epoxy chains on GO sheets. Further epoxy nanocomposites was prepared with 0.5 wt% of
functional GO. Carbon fiber composites were prepared by impregnating epoxy nanocomposites using vacuum
assisted resin transfer molding and, curing cycle of 60, 80, 100, 120 °C (30 mins each) was followed and
laminates were post cured at 140 °C for 2 hrs. The laminates were analyzed for thermal, mechanical, adhesion,
electrical and electromagnetic interference shielding behavior. For thermal properties modulated differential
scanning calorimeter and thermogravimetric analysis was used. Mechanical studies were carried out using
dynamic mechanical analyzer and lap shear test. 4-probe method was employed to evaluate electrical
conductivity and electromagnetic shielding effectiveness was measured in the frequency range of 8-12 GHz. It
was found that 0.4 mm thin sheet of f-GO/epoxy/CF laminate showed >50 dB SE and improved interface
showed high storage modulus, which can be useful to aerospace industries.
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MONTE CARLO STUDY AIMED AT INTERPRETATION OF
CHROMATOGRAPHIC RESULTS OF FUNCTIONALIZED POLYMERS
Wang Xiu, Procházka Karel, Limpouchová Zuzana
Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University, Hlavova 8, 128
00 Praha 2, Czech Republic

Abstract
Our study was motivated by the following experimental observation: When linear and four-arm star polymers
synthesized by the chain-growth polymerization containing the functional groups at central and at end positions
were studied by chromatography, different retention behaviors were observed by the normal-phase (NPLC) and
reversed-phase liquid chromatography (RPLC) at critical conditions. We studied the partitioning of polymer
chains between bulk (mobile) phase and pores by Monte Carlo (MC) simulations using the model of selfavoiding walks (SAW) on simple cubic lattice. A strongly attractive interaction between functional groups and
pore walls was employed to emulate the favorable interaction of hydrophobic groups with the stationary phase
in a RPLC column. We investigated the effects of functional groups on the critical adsorption point (CAP). The
simulations yield inverse elution sequence of studied polymers in NPLC and RPLC. The conformational
characteristics of polymer chains were also studied. Our simulations contribute to better understanding of
NPLC and RPLC separation mechanisms and help to interpret experimental data obtained in different
chromatography regimes.
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DEGRADATION ASSESSMENT OF ETHYLENE VINYL ACETATE
ENCAPSULANT IN CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
USING POSITRON ANNIHILATION LIFETIME SPECTROSCOPY
Hideaki Hagihara, Masao Kunioka, Hiroyuki Suda, Yukiko Hara, Atsushi Masuda
National Institute of Advanced Industrial Science and Technology [AIST], 1-1-1 Higashi, 305-8565, Tsukuba,
JAPAN

Abstract
In terms of environmental and energy management, the degradation assessment of crystalline-Si photovoltaic
(PV) module systems has attracted much attention in recent years. It was previously reported origin of
degradation phenomenon occurring during the damp heat (DH) test, which imitates high-temperature and highhumidity environments, is the release of acetic acid from the ethylene vinyl acetate copolymer (EVA)
encapsulant by hydrolysis owing to water infiltration from the back sheet.1) Several analytical methods have
been employed to determine the amount of infiltrated water or acetic acid generated. For instance, one
reported that estimation of the acetic acid concentration in EVA by ion chromatography indicates that the
generation of acetic acid is correlated to a decrease in maximum power (Pmax).2)
On the other hand, because acetic acid might diffuse through the EVA encapsulant and leach out from the
module, the structure of the degraded EVA should also be examined to evaluate the degradation process more
thoroughly. From this viewpoint, our proposal for degradation analysis is positron annihilation lifetime
spectroscopy (PALS). The free-volume hole size in the amorphous part of the polymer has been evaluated by
this technique. According to the reports, PALS has revealed that the free-volume hole size of the ethylene vinyl
alcohol copolymer (EVOH), prepared from the saponification of EVA, is distinctly smaller than that of EVA.3,4)
Therefore, due to deacetylation, it is expected that the free-volume hole size of EVA will be reduced during
degradation.
In this study, EVA encapsulants detached from the PV modules after DH testing were evaluated by PALS.5) A
reduction in free-volume hole size, which indicates the progress of deacetylation, was observed. The difference
in lifetime (?t) between the initial sample and DH-tested samples clearly increased after DH testing for 3000 h.
The increase in ?t was correlated with the acetic acid concentration in the EVA estimated by ion
chromatography. The depth profile analysis by slow positron beam PALS revealed that ?t at the near-surface
region of the Si-cell side was significantly larger than that of the cover-glass side. This result indicates that
deacetylation near the Si cell/EVA interface is accelerated. It was concluded that the PALS is a promising
method to evaluate not only the extent of the deacetylation of the EVA encapsulants, but also to discuss the
degradation mechanism of the PV modules.
Acknowledgements: Part of this work is supported by the New Energy and Industrial Technology Development
Organization (NEDO), Japan.
References
1) M. Miyashita and A. Masuda, Proc. 28th European Photovoltaic Solar Energy Conf. Exhib., 2013, p. 2828.
2) A. Masuda, N. Uchiyama and Y. Hara, Jpn. J. Appl. Phys., 54, 04DR04 (2015).
3) G. Dlubek, Th. Lüpke, J. Stejny, M. A. Alam and M. Arnold, Macromolecules, 33, 990 (2000).
4) K. Ito, Y. Saito, T. Yamamoto, Y. Ujihira and K. Nomura, Macromolecules, 34, 6153 (2001).
5) H. Hagihara, M. Kunioka, H. Suda, Y. Hara and A. Masuda, Jpn. J. Appl. Phys., 55, 102302 (2016).
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CHARACTERIZATION OF UNSATURATIONS IN POLYOLEFINS BY 1H
SOLUTION NMR SPECTROSCOPY
Hubner, Gerhard, Pomakhina, Elena, Sinha, Pritish
Borealis Polyolefine GmbH, Sankt-Peter-Strasse 25, 4021 Linz, Austria

Abstract
A good knowledge of the chain microstructure is crucial to a proper understanding of the chain conformations in
solution. The most powerful technique available for obtaining such information is high-resolution solution NMR.
Normally 13C NMR is used for the microstructure characterization of polyolefins synthesized by using ZieglerNatta or Metallocene catalysts; however 1H NMR can be used for fast measurements of chain unsaturation
degree, as well as for catalyst “fingerprinting” studies. An in-depth chain end analysis of the polymers
synthesized by the above catalysts is important to understand the nature of the various chain transfer pathways
in order to fine tune the catalyst to achieve a favourable balance with chain propagation.
In the present study the olefinic region of the 1H NMR spectra is used for the investigation of unsaturations in
high and low pressure PE as well as homopolymer of PP. Since these experiments are carried out at high
temperature using chlorinated solvents it is essential to use stabilizers in order to avoid degradation. Special
stabilisers are used whose signals do not overlap with the signals of the polymer in the olefinic region.
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REACH POLYMER STATUS AND DN/DC VARIATION OF OLIGOMERS
Longieras Nicolas
PEAKEXPERT, 8, rue Honoré de Balzac, 37000 Tours FRANCE

Abstract
Size-exclusion chromatography (GPC) is a well-known technique to determine molar mass distribution of
polymers. GPC is currently the preferred method to determine whether a substance falls under the polymer
definition under the registration, evaluation, and authorization of chemicals (REACH).
The GPC calculations assume that dn/dC of polymer are a constant. This is true for homopolymer of molar
mass superior to a few thousands. However, some polymer resins are made of oligomers : assembly of a few
number of monomer species such as dimer, trimer, tetramer, pentamer, hexamer, etc.
dn/dC of oligomers species can vary due to the contribution of end-chain moieties : polymer status under
REACH can be affected.
Our present approach compare oligomers GPC datas calculations from direct GPC and from preparative GPC
fractionation followed by microscale gravimetry and from dn/dC measurement of each oligomers fraction.
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NEW GENERATION OF ONLINE VISCOMETER FOR DETAILED
CHARACTERIZATION OF POLYMER
Roessner, Dierk, Scherrers, Roger, Johann, Christoph
Wyatt Technology Europe GmbH, Hochstrasse 12a, 56307 Dernbach, DE

Abstract
We present a new and highly sensitive, on-line differential viscometer used in conjunction with SEC-MALS to
determine the size and conformation of all types of biopolymers and synthetic polymers. In this poster we
discuss the new developed technologies of the ViscoStar III and the resulting benefits for the characterization
of polymers.
When coupled with size-exclusion chromatography and a concentration detector, the ViscoStar III derives the
intrinsic viscosity (IV) of polymers. An inherently valuable physico-chemical property in itself, IV is best utilized
together with molar mass information from multi-angle light scattering (SEC-MALS-IV) to derive the
hydrodynamic radius, conformation, and branching ratio of a macromolecule in solution.
Application examples of polymer characterizations are discussed and how they benefit from the new ViscoStar
III instrument features.
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NANOMETER LEVEL THREE-DIMENSIONAL STRUCTURES OF BLOCK
COPOLYMER FOR LARGE VOLUME USING SCANNING ELECTRON
MICROSCOPY
Yamaguchi Yuuki, Haruta Tomohiro, Katzmann Emanuel, Suga Mitsuo, Nishioka Hideo,
Higuchi Takeshi Jinnai Hiroshi
JEOL Ltd., 3-1-2, Akishima, Tokyo 196-8558, Japan
JEOL GmbH, Gute Änger 30, DE-85356 Freising, Germany
IMRAM, Tohoku University, 2-1-1, Katahira, Aoba-ku, Sendai 980-8577, Japan.

Abstract
Transmission electron microscopy has been widely used to understand three dimensional (3D) fine structures
of block copolymers1), however, observable volume is limited. Thus, it is not easy to observe various levels of
hierarchical 3D structures. One of the representative examples of such structure is “grain structure” where their
size and orientation are important in a few disciplines of materials. Block copolymers are one of such selfassemble systems with hierarchical structures.
Here, we introduce a serial block-face scanning electron microscopy (SBF-SEM) to analyze the lamella
structure of a block copolymer. In the SBF-SEM, an ultramicrotome is installed in a specimen chamber of
SEM2). The surface of a specimen is cut at predetermined thickness, and the SEM image of the exposed
specimen surface is captured. By repeating this process and stacking the captured SEM images, a 3D
structure with high resolution at nm level is obtained for large volume of sub millimeter cube.
In this study, we used field-emission SEM, JSM-7800F (JEOL Ltd., Japan), equipped with the Gatan 3View2XP
(Gatan Inc., USA). The block copolymer hierarchical structure was stained with Osmium tetraoxide in order to
enhance contrast for SEM imaging. We took about 300 SEM images of the sliced block copolymer
automatically, and reconstructed its 3D structure. The reconstructed volume is 106 µm (XY direction) and 21
µm (Z direction)) with voxel sizes of 10.6 nm (XY direction) and 70 nm (Z direction)).
Figure 1 shows the selected region (21 µm^3 cubic) from the 3D reconstructed image of the block copolymer,
which shows the detailed structures of the lamella as well as the grains. The reconstructed image also shows
wide distribution of the lamella pitch, which indicated the wide distribution of the molecular weight of the
observed block copolymer.
1) Jinnai et al., Transmission Electron Microtomography and Polymer Nanostructures, Macromolecules, 43
(2010) 1675.
2) Denk and Horstman, Scanning Electron Microscopy to Reconstruct Three-Dimensional Tissue
Nanostructure, Plos biology 2 (2004) e329.
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Figure 1 Three-dimensional reconstructed image of the block copolymer, which shows the grain structure as
well as distribution of lamella pitch.
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EFFECT OF ADDITIVES ON THE ALKYL CHAIN STABILITY IN THE
LAMELLAR BILAYER STRUCTURE OF A DOUBLE TAIL CATIONIC
SURFACTANT
Gonçalves, Rui, A, Lam, Yeng Ming, Lindman, Björn, Miguel, Maria, G, Iwata, Toshi
School of Materials Science and Engineering, Nanyang Technological University, 639798 Singapore,
Singapore
Division of Physical Chemistry, Department of Chemistry, Centre for Chemistry and Chemical Engineering,
Lund University, SE-221 00 Lund, Sweden
Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal
Global Hair Care R&D, Procter & Gamble, 70 Biopolis Street, 138547 Singapore, Singapore

Abstract
The melting temperature (Tm) and other phase transition temperatures of a distearyl dimethylammonium
chloride surfactant system is determined with an emphasis on the transition between the lamellar gel and liquid
crystalline phases. In particular we address the question on how the physicochemical characteristics of the
surfactant are affected by different additives. Hence in this work, we investigated the effect of different types of
additives on the stability of the alkyl chain organization in the lamellar phases of the system. Small-wide angle
X-ray scattering (SWAXS) was used to study the organization of the lamellar phase and its crystalline structure.
The interlamellar spacing (dsp) was determined at temperatures both below and above the Tm. The
measurements showed that it is possible to decrease the Tm by up to 24 oC when an additive is present. This
change in transition temperature was determined using differential scanning calorimetry (DSC). The
observations indicate that there is a possibility to obtain a melted state at a significantly lower temperature in
the presence of an additive and suggest that it is possible to achieve a two-phase region by dilution.

Schematic representation of a three components system DODAC/ additive/ water at a fixed surfactant
concentration of 35 wt. %. Process of spontaneous phase transition with water addition.
118/133

Poster presentation 16

A SIMPLE APPROACH TO CREATE CHEMICAL MODEL STRUCTURES
FOR LIGNOSULFONATE
Horváth, Flóra, Diána, Kun, Dávid, Pukánszky, Béla
Laboratory of Plastics and Rubber Technology, Budapest University of Technology and Economics,
Muegyetem rkp. 3. H./I., P.O. Box 91, H-1521 Budapest, Hungary
Institute of Materials and Environmental Chemistry, Research Center for Natural Sciences, HAS, Magyar
tudósok körútja 2., P.O. Box 286, H-1519 Budapest, Hungary

Abstract
Recently the highly increasing environmental awareness of the public has resulted in growing interest for the
utilization of natural, renewable materials in the polymer industry. Lignin is the second most abundant natural
polymer on Earth representing an enormous renewable resource. Lignin is a side-product in the paper and
bioethanol industry and it is mostly used as fuel to produce energy. As a consequence, the application of lignin
for the production of thermoplastic polymers would be advantageous for economic and environmental reasons.
Lignin is a complex polyaromatic polymer which does not have a well-defined molecular structure, but it can be
characterized by an average structure which can be constructed from experimental measurements.
Since the final goal of our research is to produce thermoplastic polymers by the chemical modification of lignin,
its structure must be thoroughly characterized. A commercially available Norway spruce (Picea Abies) lignin,
Bretax SRO2 (Burgo Group SpA, Italy) was used in our work. The sulfonation of lignin takes place during the
pulping process which makes it water soluble so that the targeted product, cellulose, can be easily separated
by filtration. Besides other substances such as sugars, inorganic salts and volatile compounds, this product
contains mostly the sodium salt of sulfonated lignin, i.e. it is a lignosulfonate.
Both literature data and analytical measurements were used to gain information about the chemical
composition of the lignosulfonate in question. The starting point was the structural model of unmodified Norway
spruce lignin proposed by Adler [1]. The sulfonation of lignin was taken into account in the next step [2]. The
model molecule was further modified according to the results of our analytical measurements. The elemental
composition was determined by CHNSO elemental analysis, the repeat units by pyrolysis-gas
chromatography/mass spectroscopy, and the functional groups by Fourier-transformed infrared spectroscopy
as well as nuclear magnetic resonance spectroscopy. Gel permeation chromatography was applied to
determine the molecular weight distribution of our lignosulfonate sample.
In possession of this information a model molecule was proposed for the lignosulfonate studied (Fig. 1). Our
lignosulfonate contains various functional groups and chemical bonds, thus strong interactions (p-interactions,
H-bonds, salt bridges) develop among lignin molecules. As a consequence, lignosulfonates cannot be melted
or fused resulting in processing problems. However, we hope to overcome these complications by the
appropriate chemical modification of the material.
[1] Adler T., Wood Science and Technology 11 69-218 (1977)
[2] Sixta H., Handbook of Pulp, Wiley-VCH, Weinheim (2006)
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Fig. 1 A proposed model molecule of lignosulfonate
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ANALYTICAL PYROLYSIS WITH IN-SITU DERIVATISATION, PY(HMDS)GC/MS OF CONDENSED AND HYDROLYSABLE TANNINS: A FLEXIBLE
CHARACTERIZATION TECHNIQUE
Mattonai, Marco, Ribechini, Erika
Dipartimento di Chimica e Chimica Industriale, Via G. Moruzzi 13, 56124 Pisa, Italy

Abstract
Tannins are natural polymeric phenols. They are fundamental materials for the food and leather industries, and
are widely studied for their biological activity. Tannins can be extracted from various types of lignocellulosic
biomasses, and so their study is also of great relevance in the field of biomass conversion.
The main challenge in the analysis and characterization of tannins is their wide compositional variety. Wet
chemistry methods such as colorimetric assays can only provide information on the total content, with little to
no means of speciation. Liquid chromatography techniques (TLC, HPLC) have been used to characterize both
hydrolysable and condensed tannins, but provide poor results in terms of peak shape and resolution [1].
Although the use of analytical pyrolysis techniques in studying tannins is less well documented [2], such
techniques seem to be promising in this field. Both solid samples and liquid extracts can be analysed without a
pre-treatment step. Speciation of the various tannin classes could be possible by the analysis of their pyrolysis
products.
In the present work, Py-GC/MS was used to identify the main pyrolysis products of both hydrolysable and
condensed tannins, starting from the analysis of their building blocks (gallic acid, ellagic acid, catechin).
Moreover, the use of in-situ derivatisation reaction using hexamethyldisilazane (HMDS) as derivatising agent
allowed us to improve the quality of the results in terms of peak shape and resolution. Thermal degradation
mechanisms were also investigated by performing experiments at different pyrolysis times. The results were
used to characterise natural tannin extracts from different plants. This work shows the first results and the
potential of a widely applicable technique for the analysis of vegetable tannins.
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CONTROLLED SYNTHESIS AND GPC STUDIES OF SHORT-CHAIN
BRANCHED POLYETHYLENE PREPARED VIA RING-OPENING
METATHESIS POLYMERIZATION
Farrell, Wesley S, Orski, Sara V, Beers, Kathryn L
Materials Science and Engineering Division, National Institute of Standards and Technology, Gaithersburg, MD
20899, USA

Abstract
Since the discovery of their synthesis over 50 years ago, polyolefins have become one of the most important
classes of materials across nearly all aspects of society, and research regarding the synthesis and
characterization of polyolefins with controlled molecular masses and architectures from inexpensive feedstocks
continues today in both academia and industry. As this area of research continues to grow, suitable reference
materials to assist in the characterization of new, complex polymers are necessary. In this work, we have
explored the use of ring-opening metathesis polymerization of highly strained cyclic olefins as a way to prepare
model polyolefins with a high degree of control over both the molecular mass distribution and short-chain
branching in an effort to build a foundation for the preparation of short-chain branched polyethylene standards.
Furthermore, we have employed high temperature gel permeation chromatography to characterize the resulting
materials using infrared, refractive index, viscometric, and multi-angle light scattering detection in order to
measure molecular mass, confirm material homogeneity, and determine the branching distribution relative to
linear analogs of comparable molecular mass and polydispersity. These materials are foundational to building
advanced standard libraries to measure the effects of branch length, branch frequency, and molecular mass
dependence on polymer solution thermodynamics in order to accurately determine these parameters in
materials with unknown degrees of long and short chain branching.
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THERMAL ANALYSIS OF HIGH DENSITY POLYETHYLENE FILMS
CONTAINING OXO-BIODEGRADABLE ADDITIVE AFTER UVC EXPOSURE:
DSC STEPWISE FRACTIONATION
Nejabat, Gholam-Reza, Khajehpour-Tadavani, Soheyl, Mortazavi, Seyed-Mohammad-Mahdi
Department of Polymer Engineering/Shiraz Branch/Islamic Azad University, Sadra New Town, 71993-5, Shiraz,
Iran
Department of Polymer Engineering/Shiraz Branch/Islamic Azad University, Sadra New Town, 71993-5, Shiraz,
Iran
Polymerization Engineering Department/Iran Polymer and Petrochemical Institute, 15km Tehran-Karaj
Highway/Pajuhesh Science and Technology Park/Pajuhesh Boulevard, 112-14975, Tehran, Iran

Abstract
Abstract:
Polyethylene (PE) is still the number one commodity plastic worldwide. In the past 25 years its versatility has
been greatly expanded by the enhanced control of chain architecture (and thereby its properties) that can be
achieved by different catalysts including Zigler-Natta and Metallocene as well as copolymerizing ethylene with
a-olefins.[1] PE is a semicrystalline thermoplastic with low cost of production, easy processability, excellent
electrical insulation properties, chemical resistance, toughness and flexibility, transparency in thin films, and is
odorless and non-toxic. On the other hand, the growth of plastics disposal in the environment is a matter of
great concern leading to long-term environmental, economical and waste administration problems. Degradation
of plastic waste through various methods (like bio-degradation, compost, oxo-biodegradation and photodegradation) has become an alternative to solve such problems.[2] The technique of Successive SelfNucleation and Annealing (SSA) is now a well-established thermal fractionation technique. Thermal
fractionation exploits the molecular segregation capacity exhibited by semicrystalline polymeric systems when
they are isothermally crystallized or annealed. SSA can thermally fractionate a polymer sample in a short time
(e.g., 1 h) when standard Differential Scanning Calorimeter (DSC) equipment is used and much lower times
with a faster calorimeter. During SSA the polymer chains are never physically separated and therefore it is
equally sensitive to both intra and intermolecular defects.[3] In the present work, two different amounts of
Addiflex additive (0%w/w and 3%w/w) were added to High Density Polyethylene (HDPE) and extruded with twin
screw extruder. Then, the samples were converted to film with film blowing process. The films were exposed to
UVC light (?=254 nm) in a UV chamber. After 1008 hours the irradiation was stopped and the films were
investigated by SSA technique. As is shown in Figure 1, the sample containing 3% w/w of Addiflex additive not
only shows higher ramp for generating branches, but also has totally more branching content in the 1000C
rather than sample with 0% w/w Addiflex Additive. This observation can be attributed to possible free radical
reactions which may occur due to the presence of Oxo-biodegradable additive. Moreover, it is prospected that
as UVC time increases, higher amounts of degradation will occur and number of branches will increase. Also,
according to the FTIR results, the vinyl content of samples containing 3% w/w of Addiflex additive were
increased tangibly. This increase might be due to the ß hydrogen abstraction from another radical chain (A
mechanism similar to disproportionation reaction). This abstraction converts 2° carbon atoms to 1°. Hence, for
lesser branching content weight fraction of sample with minor number of branches are lower for sample
containing 3% w/w of Addiflex additive.
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Figure 1. Weight Fraction vs. Branching Content
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SYNTHESIS AND CHARACTERIZATION OF AN EXACT POLYSTYRENEGRAFT-POLYISOPRENE: A FAILURE OF SIZE EXCLUSION
CHROMATOGRAPHY ANALYSIS
Lee, Sanghoon, Lee, Hyojoon, Chang, Taihyun, Hirao, Akira
Division of Advanced Materials Science and Department of Chemistry, Pohang University of Science and
Technology (POSTECH), Pohang, 37673, Korea
Polymeric and Organic Materials Department, Graduate School of Science and Engineering, Tokyo Institute of
Technology, Japan

Abstract
An exact polystyrene-graft-polyisoprene (PS-g-PI) synthesized by iterative anionic polymerization and graftreaction using diphenyl ethylene functional groups was characterized by liquid chromatography. As-prepared
graft copolymer contains various byproducts other than the target PS-g-PI. After the fractionation by size
exclusion chromatography (SEC), the PS-g-PI appears quite homogeneous by SEC analysis but the
temperature gradient interaction chromatography (TGIC) separation with respect to the PI branch number
showed a significantly wide distribution in the number of PI grafts. The resolved TGIC peaks were fractionated
and the molecular weight of each block (backbone or branches) was estimated by liquid chromatography at
critical condition (LCCC) analysis at the critical adsorption condition of the opposite block. The composition
determined by LCCC analysis and 1H NMR analysis yielded a reasonably self-consistent result. Through this
study, we demonstrated that SEC analysis of this type of branched copolymers can lead to erroneous result
and needs to be done with proper caution.
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PREPARATIVE FRACTIONATION APPROACH FOR BRANCHED
POLYETHYLENE ANALYSIS
Paul, Eselem Bungu, S, Harald Pasch
Department of Chemistry and Polymer Science, Stellenbosch University, South Africa, 7600

Abstract
Polyethylenes, PE, have gained increasing popularity for decades due to their diverse use in applications such
as shopping bags, thin films, water pipes, electrical insulators, injection moulding, etc. Their applications are
directly linked to their physical properties, which are governed by molecular parameters such as molar mass,
molar mass distribution, molecular architecture (branching, comonomer content, chemical composition, etc.)
and architectural distributions. Understanding the association between polymerisation conditions and the
properties of the material formed is of utmost importance when designing materials for specific rheological end
use. Preparative TREF has been intensively used in fractionating polymeric materials to obtain fractions that
differ in microstructure (branching and comonomer content) as well as crystallinity. Coupling TREF to other
analytical techniques such as SEC, DSC, HT-HPLC and 2D-LC provide structural changes within the polymer
matrix, which is directly linked to the observed changes in the physical properties.
The use of preparative molar mass fractionation (MMF) as an analytical technique was reported by Jørgensen
et al. on poly(ethylene-co-1-butene) copolymers. However, this technique has not yet been fully exploited in all
areas of polyolefin analysis especially when coupled to the most recent advanced techniques like HT-HPLC
and 2D HPLC-SEC. In this presentation, the use of preparative molar mass fractionation as an analytical
approach for analysing branching (LCB and SCB) in branched PE will be highlighted. MMF is then coupled with
other advanced analytical techniques which will aid in telling the microstructural differences in different
materials produced under different polymerization conditions.
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SPECTROSCOPIC INVESTIGATION OF POLYPHENYLENEDIAMINES:
LADDER-LIKE AND POLYANILINE-LIKE STRUCTURES
Bláha, Michal, Trchová, Miroslava, Morávková, Zuzana, Stejskal, Jaroslav
Institute of Macromolecular Chemistry AS CR, Heyrovsky sq. 2, CZ-162 00 Prague, Czech Republic

Abstract
Phenylenediamines can be oxidized similarly to aniline and yield corresponding oligomers and/or polymers. As
in the formation of conducting polyaniline, structure and properties of the formed products depend on applied
reaction conditions. Various ladder-like structures are widely accepted in the literature since they can be
potentially created from any phenylenediamine isomer. Nevertheless, presence of polyaniline-like structural
units is also reported and discussed.
In this contribution, we compare molecular structure of reaction products obtained by oxidation of o-, m- and pphenylenediamine with ammonium peroxydisulfate in 1 M methanesulfonic acid, water, and in 1 M ammonium
hydroxide. Combination of size exclusion chromatography with UV/vis, FTIR and Raman spectroscopies allows
us to analyse the molecular structure of the oxidation products and bring new information on (i) formation of
oligomer and polymer fractions, (ii) content of benzenoid and quinonoid units suggesting presence of linear
polyaniline-like segments, and (iii) content of phenazine-like fused-rings indicating formation of the ladder-like
structures.
Acknowledgement: Financial support of the Czech Science Foundation (16-02787S) is gratefully
acknowledged.
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USING ATTRACTIVE MOLECULAR INTERACTIONS BETWEEN
POLYMERIC CHAINS FUNCTIONALIZED ON NANOPARTICLE SURFACES
TO PREDICT SUPERCRYSTAL FORMATION
Li, Shuzhou, Shi Wenxiong
School of Materials Science and Engineering, 50 Nanyang Avenue, Singapore 639798

Abstract
In nanoparticle self-assembly, polymers are generally viewed as sources of steric repulsion. Here, we
demonstrate that attractive interactions also exist between polymer chains on nanoparticle surfaces, and how
we use these attractive interactions as predictors for successful supercrystal formation. We study the molecular
interaction between poly(vinylpyrrolidone) (PVP) in the self-assembly of PVP-functionalized Ag octahedra.
Molecular dynamics simulations reveal solvent-dependent attractive forces between PVP chains, dominating at
larger particle separation distances than the attraction between Ag cores. Experimentally, the densest-packed
Minkowski lattice forms when PVP interaction energy is weaker than -220 kBT. Stronger PVP interactions lead
to random aggregation. In addition, we investigate the influence of both hydrophilic and hydrophobic capping
agents (thiol-terminated poly(ethylene glycol) and 1-dodecanethiol) in the formation of the Minkowski lattice.
Based on the various molecular interactions examined, we create the first surface capping agent interaction
energy-dependent phase diagram to predict supercrystal formation.
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MICROSTRUCTURE OF RUBBER PHASE IN POLYPROPYLENE IMPACT
COPOLYMERS AND THEIR INFLUENCE ON THE FINAL PROPERTIES.
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E., Werlang, Moisés M.
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Abstract
Polypropylene (PP) homopolymers and copolymers are some of the most versatile and economic
thermoplastics available today. These types of products are being used in applications ranging from durable
parts such as storage containers and food containers, to nonwoven fabrics for diapers and medical garments,
to bumpers, panels and trims for automotive industry, to disposable flexible packaging such as bags and films.
Polypropylene homopolymers and random copolymers face some application restrictions due to their poor
impact resistance. For applications where impact resistance is needed, polypropylene impact copolymers (ICP)
can be used. These copolymers, also known as heterophasic copolymers (HECO), consist of a crystalline
polypropylene matrix with dispersed rubber domains. These products are reactor blends and are mainly
produced using a two step sequential polymerization process, in which the polypropylene homopolymer is
produced in the first step and the rubber (generally ethylene-propylene copolymer) is produced in the second.
The key variables that influence the final properties of these copolymers are the relative rubber
content/concentration, the rubber composition, the rubber composition distribution, and the molecular weight of
both phases (rubber phase and crystalline PP matrix). From an industrial perspective, it is possible to improve
the impact strength and obtain a good impact/stiffness balance by adjusting the ethylene/propylene/H2 ratio in
the second step to tune the ethylene-propylene rubber design. Although impact copolymers have been
extensively studied in the literature, few studies have focused on the detailed rubber phase characterization,
which is essential to better understand and design ICP materials with enhanced final performance properties.
In this work, several polypropylene impact copolymers with different ethylene-propylene rubber compositions
were characterized using triple detector GPC (IR, viscometer and LS), 13C NMR, AFM, among other
techniques. Utilizing GPC-IR allowed for the analysis of the ethylene content distribution along the molecular
weight distribution. The average rubber composition and molecular weight was also determined using this
technique and correlated with the dispersed ICP morphology and final mechanical properties.
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CONTROLLABLE SUPRACOLLOIDAL GLUING OF NANOMATERIALS AT
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Abstract
Dentritic Glycopolymers represent a promising platform in the field of biomedical applications and in the
fabrication of supramolecular structures or for materials with appended functions. Preliminary studies showed
the potential of a first family of colloidal sized sugar-decorated, dendronized Glycopolymers (Glyo-DenPols) [1]
for a tunable design of supramolecular structures. Glycopolymer architectures with specific properties (e.g.,
controlled self-assembly) revealed a strong adhesive effect. Their ability to undergo supracolloidal multivalent
interactions with materials of different molecular size, electrostatic charge [2] and nature has been investigated
in an extended study. Here, the efficiency of this new generic “supracolloidal” gluing concept, which is
essentially different from the already established “nanoparticle gluing” concept by Leibler et. al. [3], has been
already clearly demonstrated [4].
In this work, we investigate the charge density of the established Glyco-DenPols to evaluate the contribution of
the electrostatic interactions on the entire adhesion and show pathways for an optimization of the gluing on the
molecular level and the concept of a controllable gluing with external stimuli. Therefore, Glyco-DenPols with
differently improved architectures are synthesized and characterized with NMR, separation methods, such as
AF4-MALLS-DLS, and electron microscopy.
References:
[1] Boye, S., et. al. Biomacromolecules. vol. 13 (2012), 4222 – 4235.
[2] Majoinen, J., et. al. J. Am. Chem. Soc. vol. 136(3) (2014), 866 – 869.
[3] Rose, S., et. al. Nature. vol. 505 (2014), 382 – 385.
[4] Geisler, M. Master thesis. (2016), 14 – 46.

130/133

Poster presentation 26

CHARACTERIZATION OF THE ENZYMATIC CROSS-LINKING OF CASEINS
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Abstract
Because of its colloidal properties, casein as the main component of milk proteins is responsible for the
structure formation in fermented diary products. Although the enzymatic cross-linking of caseins by microbial
transglutaminase (mTGase) has been extensively studied as a possibility to improve the firmness and physical
properties of yoghurt [1,2], little is known about the reaction mechanism during the enzymatic treatment.
In order to get valuable knowledge on the cross-linking process, a detailed and in-depth investigation of the
scaling behaviour of caseins prior to and after enzymatic treatment is necessary. Furthermore, casein particle
conformation, triggered by temperature, pH, ionic strength and the presence of different casein types, can have
an impact on cross-linking with mTGase.
Asymmetrical Flow Field Flow Fractionation (AF4) is a powerful chromatography-like separation technique with
many applications in food technology. When coupled to static and dynamic light scattering detection enables a
comprehensive characterization of molar mass, molecular size and conformational properties of caseins which
are cross-linked by mTGase to different extents and environmental conditions. Additionally to these methods, in
this work we apply quantitative nano-mechanical properties and the surface morphology characterization of
casein particles investigated by in-situ AFM and CryoTEM respectively.
References
[1]
D. Jaros et. Al., J. Texture Stud. 2006, 37, 113
[2]
S.M. Loveday et al., Trends Food Sci Technol. 2013, 33, 5
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Abstract
Additive manufacturing enables a new manufacturing paradigm, such as the rapid, distributive manufacture of
complex objects. Additionally, it has the potential to reduce waste and energy consumption, to manufacture
individual products anywhere in the world, and to customise each of them. The DIMAP project focuses on the
development of novel ink materials for 3D multi-material printing by PolyJet technology.
One integral part of the project is the development of light weight polymeric ink systems. Several synthetic and
technological routes are explored, such as addition of thermally expandable particles to the ink system or
modification of existing acrylate based ink matrices with thermally activated blowing agents. These
modifications aim to create light weight by directly printing a foam structure.
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THE USE OF HIGH TEMPERATURE EVAPORATIVE LIGHT SCATTERING
DETECTION (ELSD) FOR HIGHER SENSITIVE POLYOLEFIN ANALYSIS
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Abstract
Abstract: In recent times ultra high molecular weight polyethylene (UHMWPE) has raised a lot of commercial
interest. A tough material with extremely high impact strength and many other desirable physical properties
make this use of this polymer suitable for a wide range of applications. Self lubricating for ease of processing
and abrasion resistance superior to PTFE and carbon steel. As with the majority of polymers the physical
properties are related to the molecular weight and molecular weight distribution.
Since these materials tend to have a very broad distribution it is not easy to accurately determine the
polydispersity with a refractive index detector. This is in part because of the very low concentrations at the
extremes of the distribution. A further limitation is the fact that the differential refractive index (dn/dc), which is
typically 0.1ml/g for PE in TCB, decreases further at very low molecular weights. The high sensitivity of ELSD
makes the detector ideal for low dn/dc polymer/solvent combinations and also gives a positive response for all
non-volatile solutes.
Recent developments in high temperature ELSD offer considerable advantages when looking at such types of
polymer. Temperature operating ranges in excess of 160°C mean it is possible to work with all high boiling
solvents, for example a-chloronaphthalene and trichlorobenzene. A heated transfer line between the GPC
system and the detector ensures there is no sample precipitation.
One of the criticisms of ELSD in the past has been the underestimation of polydidpersity because of the nonlinear response. This has been rectified with a completely new nebulizer design based on very recent
technology. Coupled with the fact that ELSD is considerably more sensitive than refractive index detection
there is now a viable alternative to more accurately measure polydispersity for polyolefins with extremely broad
molecular weight distributions.
In addition to the increased precision, ELSD also offeres several other advantages. Because all of the solvent
is evaporated prior to detection, equilibration time is extremely rapid and there is always a stable baseline
which doesn’t drift. This makes peak integration more precise and reproducible.The absence of spurious peaks
around total permeation also simplifies data interpretation.
ELSD is a viable detection technique for the analysis of copolymers and for applications that require a solvent
gradient.
In summary HT-ELSD has many benefits and much potential to offer for polyolefin characterisation.
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