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Polymer Research in Austria. |
Introduction and the Facilities in
Styria: Graz and Leoben

Josef Schurz® and Otto Vogl®

" Institute of Physical Chemistry, Karl Franzens
University Graz, Heinrichstrape 28, A-8010 Graz,
Austria

* Polytachnic University, 333 Jay Street,
Brooklyn, NY 11201, USA

in cooperation with

Bernd Trathnigg®, Klaus HummeP,
Wolfgang Daimer® and Klaus Lederer'

¢ Institute of Organic Chemistry, Karl Franzens
University, Graz

¢ institute of Chemical Technology, Erzherzog
Johann Techrical University, Graz

*Research Center Vianova Kunstharz AG

' Montan University Lecban

Intreduction

Austria is located in the heart of Europe. To the West lie
Switzerland and Licchienstein, fo the South Ialy, the Southeast
Yugoslavia, the East Hungary, and to the Norih Crechoslovakia
and to the Northwest by Germany. Austria is a Federal Republic
with O Federil States: one of the Federnl Sutes 35 the Capital of
Vienna Austria has a population of 7.7 million people and a krea
of abowt 32,000 square miles: in 1989, it had a GNP of aboa: 140
billion dollars, oraboul 8005 percapite, The Austrian schilling
15 one of the strongest currencies in the world. Austria has its own
cmpde oil, aboit 1.2 millon toas, and lcis in ns m-r‘mur:. a@ !Iu'uugil.-
put of nearly 8.3 million tons of crede oil and other Tuels. Aastria
has an extensive paper and cellulose indusiry producing abour 4
million tons of various paper products per vear. Plostics product
production amounts to aboul 200,000 tons per vear,

Austria has twelve Universitics with about 5000 Academic
permanent positeons and TE0000 students (Ivalsohas b Colleges of
Ans with 7000 siudenis). The expenditures for Rescarch in
Science are estimed 10 be 1.6 hillion 5.%

*=Austria in Figures™, on Awstrsan Docisment atson, pablished by Federal Press
Service. Viesma 1990
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Jozef Schurz, Head of
the Institute for Phys-
ical Chermistry at Graz
University

One Vogl, H.F. Mark-
Professor at Polytechnlc
University

Polvmer science has had a long tradition in Austria: research in
polymer science i caried out in Universities. some ressarch
instinnes, and indostrial laboraories. The scademic research
institutions are the University and Technical University in Grue,
ithe Technical University and University of Vienna, the University
in Linz and there is also some activity at the University of Innsbnsck
Herman F. Mark was active for shout 5 vears in the 1930%5 as the
director of the Instiute of Physical Chemisiry at the University in
Wienna and Otco Eratky ai the same Instituse in Graz developed the
small angle x-ray diffraction echnique.

Part |: The Styrian Facilities: Graz and Leoben

1. Graz: Karl-Franzens-LUniversity

2. Graz:  Erzherog-lohanmn Technical Universily
3. Graz:  Vianova Rescarch Center

4. Leoben: Montan University

Ciraz, with 250,000 inhabatonts, i the capial of S1yna (one of
the mine states located in the centralfeasiemn region of Austria)and
the: second largest wwn in Austria, 0t has (wo Universities, the
Karl-Franzens-Universitat {founded n 15857 with 27.000 siu-
denits, and the Ergherzog-Johann Technische Uindversitat { founded
in [862) with | 1000 students. Leoben is o small town in the
mountaing, if his 33,000 inhabitanis: its Moman Universilat was

214991 Gondon and Breach Science Publishers 5. A
Printed in Singapore,
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The "Schiofierg mit Uhrtiurm™, the landmark of Graz.

founded in 1840 and has 2,300 students. Allthree institutions have
research groups cngaged in polymer research.
1. Graz: Karl-Franzens-University

Inztitute for Physical Chremisiry (by Josef Schurz)

Polymer research at the Institute for Physical Chemistry began
in 1946, when Dr, Oito Kratky was appointed Professor and
Director of the Institute. His lifclong rescarch was in X-ray
scattering; he wid the co-inventor and 13 now considéred the father
of the special ficlkd of x-ray small angle scattering (SAXS). Hewas
interested in the scanenng of such polvmers a8 cellulose, <ilk and
the new developing synthetic macromolecoles, The range of small
angle x-ray scatlering methods was extended, when Kratky's
student Josef Schurz, after his “ Wanderjahre" at Brooklyn Polyiech
and in the German fiber indusory retumed 1o Graz in 1952 and
introduced methods like asmometry, Hght scattering, and above all
his special Nield, rhenlogy. All these methods were then applied to
natural and syathetic polymers both in the solid stale and in solution
with the sim of structure determinations of polymers. In these
years, the Institute became Austria’s cradie for two mmportant
methods: SAXS (x-ray small angle scatiening) and rhealogy. In

Asrial view of the Karl-Franzens-University in Graz. It
is situated in the center of the city and combines both
old and new buildings.
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1970 the 11, Intermational Congress on SAXS was held in Graz,
followed in 1982 by the First European Congress on Rhcology, At
present. the Instiute is engaped in polymer research in three main
frelds: x-ray scattermg, light scattering. and rheology (including
electrokinetics). The electronics group is most capably assisting
with the development of instruments, which is also an important
objective of the Institute. Four scientific insoroments. which had
beendeveloped at the Institute, are now produced commercially, In
the following four paragraphs, the present work of the different
groups that are active in the Institwie shall be outlined.

X-ray scantering (both wide angle and small angle) is done en
solid polymers, such as cellulose fibers and thermoplastic polypro-
prlenc{Peter Zipper). The siructure and texture of the polymers are
investignted including their crvstallimity. Other characternistics like
inner surface, void content. pore volome, pore shape and, if
approprisle, fractal dimensions are also studicd { Andras Janosi),
Recently, the crystalline pattern and its layer-varistion in extruded
polypropylenc samples were determined with an extremely high
resolution of (1. | mm. Regenerated cellulose fibers, spun according
1o the viscose process and spun from pewly discovered solvents
(salvent spun) were found o differ not only in their size and shape
of crystallites, but alto in their fractal dimension (Josel Schurz,
Jurgen Lenz),

Xeray small angle scattering in solution is carmied out mainly on
bipolymers with special emphasis on enzymes and nucleic acids 1o
determine their structure: anodher objective is o develop structural
models lortheir dissolved state. Recently, biorials suchas enzymes
(carboxylascs, dehydrmtases), antibodizs (IgG, IgM. IgA), and
hemoglobins have been studiad. The technologically important
enzyme cellulase was also investigated; an imteresting (oad-shaped
mudel was proposed for it sarscture (Ingrid Pilz). The radiation
damage of proteins (enzymes) and measures (o protect for these
damages was studied by SAXS (Peter Zipper). [n another group
classical x-ray ervetallography s done (Christoph Krutky). Al-
though many systems are being studied, precursors and subuanits of
natural polymers, such as terrapyrrolic syitems (hailding blocks of
chlorophyll and other natural polymers) and subuenits of enzymes
are especially investigated.

The group involved in Aght seavtering (Orro Glatier) succeeded
m working oul elfective methods that involve the Mie-region. For
spherical symmietry, a radial polarisability density profile could be
calculaed. Polydisperse samples could be analvzed. In oil-wazer
emulsions, the droplél size could be determined. In the feld of
dynamic light scattering (Laser-Doppler spectroscopy ), this group
was able tomeasure diffusion constants and electrophoretic mobil -
ity. At present the change of shape (activation) of human bleod
platclets is being studied. Significant changes in the diffusion
constants and in the electrophoretic mobility coald be detected. a
consequence of changes in iempersure, mechanical stress and
activating agents. The Lipid [V A, an active precursor of Lipid A
has been studied by quasi-elastic light scatiering and small angle x-
ray scattering. It could be shown that Lipid IVA forms large
umilamellar vesicles with a diameter of severnl bundred nanom-
eiers and amembrane thickness of 4_E nanometers, Incombination
withthe rheology group, streaming profiles ane now being studied.
All these measaremeénts have been possible by developing and
constructing 4 new laser light scatvering spectomecter, which can be
used for both élastic and dynamic measurements and allows also
measurements al small angles. Another field of siudy in this group
is exclusion chromatopgraphy coupled with small angle laser light



scanenng (SEC/LALLS) for the determination of molecular mass
and molecular mass distribution. The detection is done by refrac-
tive index measurements to determine the concentration, and by
LALLS 1o determine the molecular mass. This method has been
wsed during the kast years to characterize vianioas polysacchandes,
fior example inulin, sintstrin, amylopectin, cellulose derivatives,
fructans, dextran, pullulan, xanthan and schizophyllan {Anton
Huber).

In the ficld of rkeology, the main gonl of reseanch in the Tnstitule
is the determinanon of the structure of dissolved polymers by
meians of mheological measurements. This method is one of the
main schontific activities of the Instiute in Graz, and many aspects
of theology have been developed it this Institution (Josef Schurz).
Polyoxyethylene in water has been studied in the state of an
entanglement network solution by means of both rotattonal and
high shear capillary viscometers {Julius Pfragner) 1o determine the
network-charcienstics as the apparent chakn element and the
resisiance io penciration. The clastic properties are studied via
nommal force measurements, Al present, the shear modulus a2 rest
is measured in a prestalionsry creep experiment in an
elastoviscometer. [ is compared with the corresponding miodulus
caleulated from both shear viscosity and (irst normal viscosiry
function for zero shear rae.  In another group of experiments.
dymamic m2asurements are being made used for the study of the
rheology of erythrocytes and blood in both the normal and in
pathological circumatances (Volker Ribitsch )y, Other biopolymers,
such s the synovial Muid, hvaluronic acid, and varioss soluble
polvsaccharides are presently being studied with the belp of the
rheologacal instruments that are available in this Institute. Prob.
lems of technical interest at the present include investigations of
pigment suapension, 25 used in the paper indusary 3 couting colors,
at very high shear rates (up o 10%: '), In addition, electrokinetic
studies are armed af determining the retapotential and the charge
density of muterials especiully fibers (incleding wood palpsi.
|1h.nl: structures, such as paper, films and plmes, granelaes.

and latices. These data are needed in the control of
technical processes; and muoch of this work is done 1A cooperation
with indusiry,

Institute of Organte Chemistry (by Bernd Trathnigg)

Polymer research at the Instiute of Organic Chemistry staried
when A, Zinke and his coworkers studied natural resins znd iheis
degrodation products as early as 1918-23. In 1929 the first of many
patents was grantéd 1o H. Hioel, who in the subsequeént years
performed exiensive investigations on phenolic resins and polyes-
ters{glyptals), Before World War 1l mainly phenol-formaldehyvde-
resans and polyesters wené investigated: in 1939 seveml patents
were granted 1o Zinke for the synthesis of resinous alkyl-sabati-
tuted phenols and o H. Honel for synthetic varmish and
resins (rom phenol and formaldehyde. Between 1941 and 1957 A,
Zinke, F. Hanus, G. Figeuner and their coworkers publithed
numerous papers on the handening process of phenol formaldehyde
resins. Several patents were also granted to H. Honel for soluble
phenol-formaldehyde resins (“resols™) and urea-formaldehyde
resins { 1932) and their hardendng and for coatings made from these

. Later. G. Figeuner investigated urea-formaldehyde
resing (1952) and reactions of resols and resitols,

In 1974, Junek and Trathnigg staned investigations on
(methjacrylic polymens and on the i ement of adhesion of
Incquers on metallic surfaces, Funhermare, the application of

Bernd Trathnigg, leader of the polymer group af the
Institute of Organic Chemisiry at Graz University
(Head: Hans Junek).

deimity memaemenis acoording 1othe mechanical oncillator method
was applicd (o polymercharacterization, cspecially for detection in
GPC and for polymerization kinetics. A density detector for [iquid
chromatography was developed. The synthesis and polvmenza-
tion of spiro-onthoesters was investigated. some of them wene
found to expand on polymerization.

Further work wasdevoted to the trunsestenification of phthalates,
the synthesis of moromeric and polymeric enaminoketone ligands,
The Cobalt-chelates of these ligands were found to bind reversibly
i molecular oxygen. Functional aso-initistors were investigated
for the preparing of hvdroxy-terminated polybutadiens and the
decompuosition kinetics of these polymers were investigated. The
degradation of polvihydroxybutyric acid) was also studied as was
its use in drug formulations. GPC with coupled density and R1-
detection was used for the determination of the chemical compo-
sition of copolymers together with their molecular weight
diztribution,

2. Graz: Erzherzog-Johann Technical University

Institute for Chemical Technology of Organic Marerials (by
Klaus Hurmiel |

The Institute for Chemical Technology of Organic Maserials is
excheively concernad with topacs of polvmer chemistry. This is
reflected in the course requirements and the scientific research
activity. The Instiime was established only in 1979, but preceding
instinutions had contributed to the field of macromalecules, for
example, when the Institute was under the direction of Professor A.
‘Wacek, work in lignine and cellulose chemisry had & very consid-
erable macromolecular component.

Al present the permanent scientific safl consists of one full
professor (K. Hummel ), two associate professors (F, Steleer, MLG,
Martd) and five assistants. There are also adjunct professors from
the rubber and cellulose industry, The laborory courses inclade
Ropbcs such as processing and recyeling of polymeric malerials and
polymers in electronics. The main fickds of activity in nesearch are
the svnihesis, modificmion, cross-linking and degradation of poly-
mers. Some of the curment wark will be described in the following
SeTlion,

Degradation of seduble polvmiers by olefin metatheiis:

The structure investigation of unsaturated polymers by metathe-

315 degradation and the ientification of the products by combined

Vol. 16, No. 9. POLYMER NEWS 279
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Klaus Hummaeal, Head of the Institute for Chemical
Technology of Organic Materials at the Technical
University of Graz.

gas chromaographyfmass spectrometry has been developed at this
inatituse. I o means for elucidating the siructure of copolymers
and alo subsequenily 1o determing the stuciure of modified
polymers with CC douhle bonds in the hackbone. Recent publi-
cations have presented new mvestigations of copolymers containing
nitrogen or silicon atoms in the chuin. Calculations hivve also been
developed which provide the theoretical bases lor the metathesis
degradation based on the principle of 3 carbene mechanism for the
polymer degradation.

Applicarion of metarkevis degradution to crosslinked polymers:

The study of metathesss reactions on low-molocular-weight
olefins facilitated ithe clucidatbon of the structune of crosslink and
sulrtitulion siles presenl in polymer strectures, especially when
they mre present m low concentrutions. B s now possible 10
discriminate between various types of chemically possible
crosstinks, Crosslinked polvmer bilends were also investigased by
the technique of metahesis degradation. In addition, metathesis
degridation was found 1o be o valuable method for the determina-
tion of fillers in mubber vulcanizues.

The influence of magnenic fields on chemical reacenons of macro-
maleriles;

The invessigations of the influenceof magnetic fieldonchemical
reaction of macromolecules were primarily concemed with the
developnient of procise expenmental proceduses using the statis-
tical evaluation of the measurements. Some effectsof the magnetic
field in enzyvme reactions which had been found by other authors
could nad be confirmed.  However, a magnetic ficld effect was
observed in the crosslinking of polybutadicne by peroxides and in
the photo-crosalinking of buiadienc-styrene copolymers. This ef-
fet is explicable by the radical pair theory. Inconnection with the
magnetic ficld influence, photo-crosslinking by pulsed monachro-
matic radiation of an excimer-laser was investigated in a more
general wiy.

Elecirically conducting polymers:

Comjugated polymers are froquently synthesized via precarsor
routes. The behavior of thin films of palyiacetylens) and polvip-
phenylene) &= the simplest members of this type is suitable to
explain the conduction mechanicm, By special processing of the
pre-polymers il was possible 1o vary the crystallinity of the films
from complcicly amorphoos to a high degree of crvstallimity
Pronounced amsotropy of the physical charactenstics could be
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achieved. Al present, the ring upening metathesss polymenzation
of cveloolefins using special transition metal catalysts s being
investigated for the symhbesis of new specially polymers and
copolymers with inleresting propertics for future technological
applications, e.g. in poiential oploclectronics of in molscular
electmonics applicanons
Maorte Carlo simulasion of modification and crosslinking reacnong
af pol yemers

Modifscation of 1.4-polybutadicne. copolymers from buadiene
anid moneolefing and commeon polyalkenylenes were Investigaed
with suitable computer programs.  In most cases, the reaction
sequence wits 4 mono- of disubssiution reaction ot the C atoms
coupbed with a partial double bond shift, This is ong portion of the
radical erosslinking reaction with peroxides. [avestgations wers
carried out in order 1o verily whether the behavior of a macromol-
ecule is different from thm of a low molecular weight madel
compound. OF special inferest is the guestion if the palymer
becomes colored in the visible light by random reactions.

3. Graz: Research Center Vianova Kunstharz AG (by
Woltgang Daimer)

Wolfgang Daimer, group leader of research and
development at the Research Center Vianova
Kunstharz AG (Director: Merten Schilngmann).

Foundad in 1945, the VIANOVA-Kunstharz AG was the brain-
child of Dr. Herbent Honel, a native of Graz. Honel was 58 years
obd a1 the time, and had already acquired a condiderable repulation
a5 & schentist in rescarch with his nasmerous innovations i the Hield
of syathetic resins and especially his discovery of alky] phenolic
resins which are reactive 1o vegetable oils. The new Company
Bepan to produce syathetic resins for the piing indusiry, as hinders
for paknts and surface coatings. With the Company’s Latin name
VIANOY A, the founder indicated that he was setting oul on s “new
path” in paint technology, based on the prnciple of waler bised
salvents. The revolutionary cancept that water ¢ould replace the
highly Nammable. health-threstening and sxpensive oninic paint-
solvents roquired a restruciuring of the palymernc binders: along
the polymer backbone carboxyl groups were attached by covalent
bonding; the carboxylic scid groups were neutralized which con-
vered the whole polymer into a water dilutable polyelecirolvic
{anionic palymers) Inthe case of catronic polymers this principle



is reversede—the basic functions were attached 1o the polymer
hackbone mid ackls wene wsed for the reatralisation of the basic

"
Walersoluble pant polvmiers presented two [undamental
challenges in development: -
a) to svnthesize a polvmer backbone stable agains hydrolyias
with no saponifiable groaps, in order to guarantee the long
Iife of the paint under agueos conditions

b o discover suitable crosslinking mechanisms for hordening
the water-soluble paint binder, after their application 1o the
subsiraie, indo a waler-resistant coating layer with three-
dimensional crosslinked structure

The first of these objectives was achicved by steadily reducing
all gster linkages, For anionic polymers, this finally fed to the
Diels-Alder svathesis involving malcic anhwdride using Biguad
diene oligomers. For cationic polymers it is now possible to react
glhverdvl functional prepalymers with primary of sccondery amines,

The choice of a suitable crossimking mechamsm dependad
cheefly on the way in which the coaling was applicd. Possible
miethods range from oxidative drying at ambient temperature using
the oxyvgen in the airthrough forced cuning inovens al femperatunes
of up 1o 20° C 1o spontancous polymerization curing under wltra-
violel radiation.

Besides finding solutions 1o basic problema like these, the main
focus of VIANDVA's Rescarch and Development is based o6
developing products with all the different combinations of proper-
tigs reguired for paint binders depending upon the conditbons ender
which they are vased, 11 is obvious, for example, that a coating
designed for application 1o wood must possess elasticity and
abrasion-resistance, whereas for the three paint lavers applied 102
car-bady the chicl reguirements are COMOsion Prolection gainst
salt, resisiance fo demage by Mving stone chips when iravelling ai
higher speed. and permanen! gloss retention regandless of the
change of climatic conditions, The Company”s modem Research
Centre in Graz cmplovs 35 graduated screntists and atechnical staff
of 160110 work on solusions for such problems. The resulis of thas
Research and Development go straight inte VIANOVA's ovwn
synthetic resin production. with an annual capscity of 40,000 1, or
else are marketed by means of imermational Ticences, Including
production and sales divisions. VIANOVA - since 1968 a pan of
the Hoechs: group - has 550 emplovees and an annual twm-over of
110 million dollars { 1989},

Herbert Honel. who died in June 15990 a1 the age of 100, could
look back on a successful “new path™. The early 1960°s saw the
breakthrough in indusinal sutomotive painting of the walerdil-
utable binders marketed under the nume “RESYDROL", li wasihe
polvelectrolytic qualitics of these materials that first made possible
the process of chectrodeposition coating, today a standand proce-
dure world-wide, which provides greatly increased corroséon pro-
tection. Besides significant savings to the economy, the replace-
ment of oraanic paint solvents reduces the ermission of stmosphenc
pollutants. a major ecological benclit which will guaruntee
watersoluble coatings an mercasingly leading position in the mur-
ket-place of the fvture,

4. Leoben: Montan-University (by Klaus Lederer)

The Montan University Leoben (MU Leoben). the well-known
Austrin University of Mining and Mewmllurgy was founded in
1820, In 1970 the University created a program of Polymer
Engincering and Science 1o train engineers for the transformation

Klaus Lederer, Head of the Institute for Chemistry of
Polymer Materials at the Montan University Leoben.

and application of polvmer matenials, Taking mite eccount the
specific siluation of the respective Austrian industry and the
inlemational development, the curmculum was devipned toinchude
an cducation in peneral engincenng d.u.r'mg the [irst 3 semesicrs,
followed by special training in polymer engineering and science
during adidithonal 4 semesters, with the main subjects:

- Chemistry of Polymer Materials

- Transformation and Techinology of Polvmer Materals

- Physics and Testing of Polymer Materials

- Design of Pans made of Plastics, Rubbers and Composites

The fimal Hth semester is fully devoled for the actual sork on
the master's thesie. About 3= 10% of the gradumtes then proceed o
the program (3-8 semesters) to get the Drmont. (= Dokior der
montanistischen Wissenschaften) degree. a specialiy of the MU
Leoben. Singe 1975, over | 80 engimeers have graduated and about
B ane now working in the Ausarian polymer industry, predomi-
mantly in companies involved in polymer processing and in poly-
mer production, Some ane also active in the industry producing
machinery for polymer processing, e.¢. for mjection molding, and
for sports rticles (ski, tennis). The close cooperation with industry
muche it posaible W start the whole polymer engimeening program
with iwo professors only, Prof. 1. Koppelmann (Chemical and
Physical Technology of Polymer Materialy) and Prof, W, Knappe
{Polymer Processing: succeeded in 1989 by Prof. G.R. Langecker)
which were assisted by a number of adjunct professor and leciurers
from industry and from other inutitutions.

As judged by the professional success of its graduates and the
close cooperation with the Austrian polymer imdustry, polvmer
engincenng has been sicadily developing into 2 now well estab-
lishied branch of scienoe and enginecering ot the MU Locben, In
feeent vears, abwul o third of the Mreshman st MU Leoben go mnto
polvmer engimeering (about 100 students per year); this program is
row distributed over four instiquses,

It is most appropriage that the special role of chemistry in this
program s now deseribed in more detail, In addition (o the core
program in chemistry, chemical aspects are alsocovered in beciures
of rubber technology, fiber technology and the technology of
lacquers ard varmishes, The research in the Institule for Chemistry
af Polymer Materials (Kluus Lederer), which was newly estab-
lished in 1989, is mainly devoted 1o molecular characterization of
symihetic polymers. the characicnzation of the pelymer mairix in
composites and the chamcierization of additives, impurities and
degradation products, This field of investigation is considered to

Val. 16, Na. 9. POLYMER NEWS 251
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e a key factor for polymer engineers to enter vanous subjects of
special interest; chemical reactions during processing. chemical
m%:ﬂ.pﬂrtﬂﬂﬂmm

of chemical neasons for the damage of polymer materials,

chemical aspects of recycling. The insttote, which has evolved

from asmall rescarch group of the former Institote of Chomical and
Physical Technology of Plastics, is extensively involved in inter-
national cooperation, 5. IUPAC working party on the character-
ization of commercial polymers, and partici in the joint
national rescarch program “Research Emphasts Plastic Materiah™,
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