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Polymer Science in Austria Ill: Universities
of Linz, Innsbruck and other Research
Institutions in Austria, Including Industry

Josef Schurz (a) and Otto Vogl (b)

{a) Institute of Physical Chemistry, University of Graz, A-8010 Graz, Austria;
{b) Polytechnic University, Six MetroTech Genter, Brooklyn, NY 11201, U.S.A.

in cooperation with

Hermann Janeschitz-Kriegl, Ortwin Bobleter,
Dietmar Loidl, Gerhard Stern and Manfred Raetzsch

Qo Vogl

University of Linz, The Johannes Kapler Univarsity (Herman
Janeschitz-Kregl)

The Liniversity of Ling is oflicially called the Johannes Kepler
University, named aller the fnmous astronomer Johannes Kepler
whi spent o considerable part of his active life in Linz,

Although the University of Linz was offiially founded in i
present fonm in 1966: i has rodis reaching as far back as the 16th
cemury o the year 1574 when it was originally founded as a
Protestant S-chm:.lnr'.-\gficuliuﬂ:. 11 wvas i this school that Jolannes
Kepler tought from 1612 o 1626, after spending the period from
1584 1o 1600 in Graz and from 160K to 1611 in Prague, His most
famous work entitled “Harmenices Mund:™ was published in 1619
while he was tcaching in Linz. The Protestant School suffered
during the religious und political upheavals of the 17th century in
Eurcope and was then united with the so-called Latin schoal,

Today the University of Linz offers 13 areas of study organized
ima 3 faculties and has about 15000 sudents. A wal of 70
prodessors, 20 associine professors, 350 assistants and 560 leciuners
are ieaching in the university. The University of Lins consists of
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University of Linz, Administration Building

three schools: a School of Social Sciences and Business, a Law
School 2nd a School of Technical and Natural Sciences. The laiser
school has the following departments:  Applied Mathematics,
Informatics, Technical P]l[.'-ii;\-.u"ld Technical ﬁ!]l."l:ll.luh'}'. R.ﬁ;cu.llj 2
the depariment of Mechatronics was crecated.

Polvmer rescarch in (he Institule of Chemistry = carmied oul in
the [hvisions of Physical Chemisiry and Fundamentals in
Engincering.

Institute for Chemistry, Division of Physical Chamisiry and
Process Technology [Hermann Janeschitz-Kriegl).

The Instinuie of Chemestry s the kome of polymer chemistry: it
consists of five Divisions: 1) General and inorganic chemistry
where solid state chemistry 15 studied. 2.) Analytical chemisiny
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Hermann Janeschilz-Krieg!

whiich is concerned with the development of analvsis methods for
bicanalytic and environmental probioms: 3.) Organic cheminiry
which invalves the investigation of pyrrol pipments; 4.0 Physical
chemistry, which includes the study of methods of rheology.
viscoelaaicay and podvmer melts: 5. Process engineering, which
emphasizes transpon phenomena in kighly visgoows media (elastico-
viscous modia for plastics techoology, bear wamsfer and
crysiallization).

University Linz

Theee aréas of imponance have been identificd and are beimg
pursaed in this Iostumee: o) Characterization of polymen by
measuring the complex moduli of polymer melis: this effort i
headed by Alois S-::]tauihcn;cr, b.) Inchestrial podyvmer chealogy,
headed by Rudoll Sobczak and ¢.) Crystallization of podvmer melts
under conditions of heat transler and Now, headed by Hermann
Juneschitz-Kricgl.

The correlation between mole mass distribution and the dynamic
moduli (the loss and the storage mosduli as fenctions of ciroular
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frequency) is one of the focuses of this work. For lincar polymers
a proccdure was developed for the calculation of a discreet
relaxation time spectrum from a given molar mass divnbution
function. Swuch a spectrum allows the prediction of all lincar
vikoclnt magnal functions. A concept was developed which
involves atime-conceniration superpoiition principle, which cnables
scientists o enlarge substantially the experimental window for the
measurements of material functions. This was done by adding
relatively small gquantitics of chemically related low molecular
weight compounds.

The polymer chasacterization group hat a number of objectives.
Ome subjoct is the comelation between the modar mass distribution,
as determined by pel permieation chromatography (GPC), and the
loss and the somage molduli of the melt as a function of circular
frequency. This kind of information would allow us 10 relate
rhcological propenies for predicting processing behavior for
sccurale measurements obtained from GPC.

In the polymer characienzation group major progness 1s boing
maide in the development of an apparatus for the mensurcment of
very high viscosity in polymer melts (ahsolule measurements).
This “Magnetoviscometer™ o8 designed 1o stedy  dynamic
measercments of the clastic part and isapplicable lor the invesiigation
of solidification mechanisms of polvmer melts, investigation of the
influence of molecular paramcicrs (molecular weight) oo the
molecular weight distribution. on the degree of branching. on the
addition of sobvents and on the lincar viscoclasticity off polymer
melts, It will also be uscful for the measurement of lincar
viscoelawticity through a relaxation wpectra for the caloulaton of
nonlinear matcal functions from lincar relanation spectra

Research on industrial rheology of polymers is concentrated
around a newly developed rheometer. This mstrument is a falling
sphere rheometer which is driven by a variable {inhomagencous)
magnetic ficld. Tn ikis apparatus the speed of iron spheres can be
vaned oulside the rmnge accessible 1o the gravitational ficld which
is much too weak 1o obsérve polymer melis. A thoory was
developed which uses data from differential scanning calommetry
and relates them in terms of a teimperatune dependent nuclenion
time spectrum, This discovery is of great importance for oblaining
and wilizing processing data. The solidification process of semi-
crystalline polymers under conditions where heut transfer is well



controlled and understood s the most imporent practical wility,
Nucleation and crystaltizaion indeced by <hear are also pursued in
this research.

Of great practical ugnificance is the uie of simple Mmeasuring
cells which can determine the progress of gelation and of chemical
crosslinking reactions. A new device was il developed whichcan
measure viscosily under pressure and at elevated emperatanes.
Severul conventional viscometers, a sorew extruder and equipment
for the measurement of fow birefringence are alsp available,

Rescarch on polvmer solidification by crystallization has becna
significan part of the work of this group. A theory developed by
G. Eder can explain results from differential scanning calorimetry
meacurements. This combination of easy dath scguisition with &
soand theary i very smpomant 1o obtain meaninglul processing
data. Shear induced nucleation and crysiallization are being studicd
by. 8. Liedaver who worked out the kinetics of this process for
polypropylene.

Teaching in the Depanment of Physical Chemistry and Process
Engincering is concermod with many imponant technical processes
which isclude thermodvaamic phase-relathons, surface phenainena,
disgillation, crystallization, reaction kinetics, polymenization, electro-
chemistry, crysial structural analysis, gquantum  mechanics,
spectroscopy, colbobd chemistry and macromolecules, rhealogy,
material science and processing of plastics.

Research in Process Engineering is involved in rheology.
thermal transfer and crystallization of polvmer melts. A very close
cooperatbon exisis with the Department of Physical Chemistry with
particuler emphasis on the wse of model experiments, on their
theoretical foundations and on their practical explanations.

University of Innsbruck, the Leopold Franzens
University

The University of Innsbruck, whose official name is now
“Leopold Framzens University” was foonded in 1669 by Emperor
Leopold | and later confimcd by Emperor Frana 1.

“Todny the University of Innstruck has 28,000 students and six
faculiies: Caiholic Theology. Law. Social and Economic Science,
Philosophy, Natural Science and Architectone, Fourof ther former
students in their later careers received the Nobel Prize.

During the 300 sears of 1eaching and research, matural xcience

subjects were part of the faculty of philosophy. Since 1975 the
Faculty of Notural Science has been an independent Faculiv, It
consissolzix ekt PhyscsfAstronomy, Mathematics, Chemistry,
Phammacy, Biology. Earth Sciences amd Psychology, with 22
Instinuaes. Since 1831 Chemistry has had a separate Chalbr. Since
then the depanment has expanded 1o include 5 institutes:
Inerganic/Analytical, Organic/Pharmaceutical, Physical Chemisiry,
Biochemistry and Radiochemistry. In 1972 the Institute of
Radiochemiutry insialled 2 Chair for Radiochemistry and Applied
Physical Chemistry, The Institute also has sctivities, which are not
included in other inaitures, e.g. Industrial Chemistry, Usually
lecturers who are working in industrial companies in Austria and
neighboring countrics anc cngaged.

Rescarch and teaching activities involving polymers are carried

oiat at the Instilute of Radiochemisiry.
Institute of Radiochemistry (Crwin Bobleter)

Ovrtwin Bobleter

Severnil progects invelving polymer rescarch are being studied in
the Instinne of Radiochemistry. They invalve the chemistry of
plant biomass iransformation and development and use of analytical
techniques related o these problems.,

A process was developed Tor the degradation of different kinds
of plant materials (hardwood, wheat, staw, bagasse, etc.) which
utilizes wateral elevaled temperatiuies. With superheated percolating
water between [BD and 220°C practicaily all the hemicellulose and
aconsidernble part of the ligninof plant materials can be dissolved.
At temperatures of 270 to 300°C, the cellulosic residisc is alwo
hydmolviically degraded 1o low malecular sugars and other products.
Because of the hydrolytic action of water & these high temperatures
(and pressures), the process has been called “hydrothermalyiis™.

Two main technical uses of this development are envisaged: 1)
Formation of sugars and the subsequent fermentation o obtain
mitor fuel, mainly in the form of ethanol; 2.) Production of pulp
from waste matenals (.2, straw and bagassek 3.) Energy obtained
from easily grown plant producis (e.g. Poplar trees, Miscanthns
sinensts gigantens). The influence of some reaction parameters
{lemperature, time etc. ) on the degree of polymenization (DFjof the
cellubose residues were examined. Experiments have been carried
out using conventional methods and also newly developed methods
1o determine the molecular weight of the resichees. Chromatographic
DP measurements were obtained by dissolving the ccllulose on
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“cadoxene” and applying stable commercially available gel
ion columns (W, Schwald, 0. Bobleter).

Work on hydrothermally pretreated plant matter fof pulp
production was also camied out It was accompanied by D
measunements, wing dimethylacetamide/LiCT sobvents { A, Zrmnm.
0. Boblecter). The cellulowe obiained by this process was cxamined
with regard 10 ils molecular sire distribution and to its fiber
propertics. This work i< being cammed out 16 cooperateon with P,
Krkonka of Bratistava, Slovakia,

Hydrothermiolysis is also an efficient method for the enrymatic
sacchanfication of cellulose.  Investigations wre mdcru}r to
determine the pore structure of pretreated cellulose in order 1o
obtakn a heuer understanding of the accessibility of the cellulose
enzymes which is connected with the rate of saccharification.

Improvements in the snalvaes of the oligomer sacchanides (G,
Bonn) are the staning points for additional reseanch. HPLC was
wsed 1o obtain rapid results wing oo ewchange columns for the
scparation of oligomeric glucans. High polymer hemiceliuloses
and ather sugar defivatives were analyred clectropherometrically
using spocially treated thin layer plates.  Specially. preparcd
polyvstsrene/divinvibenrone  beads  have shown  excellent
performance in the HPLC separation of proteins.

It i= belicvod that somctimes in the next century the chemical
industry will have to seriously consider changing from crude oil &
a raw malenial 1o other resources, which wall most probably be plant
eomass. The degradation of the macromalocular constitaents of
biomans, cellulose, bemicellulose and lignin, leads to sugar, acids
and phenolic materials. High vields of fermentation products, such
o ethanol. butznol, aceione. citric acid. antiblotics cic.. could be
obtained using even pow well known

At this time the pmtofdnﬂbkpml-.lcu u-btavm.lh: thise
degradation processes are still prohibitive. A number of now well
known high polymens could be visualizad 10 be produced from plant
béomass conversion product. In has already boen demonstrated thas
pulps from wheat straw could be made by this high temperature-
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Golden Roof, Innsbruck

pressure Bydrolviis process free of added chemicals which cause
problems. with the enviroament. The group in Inaabrock has
demonsirancd that test sheets can be propared from indermediates
from the hydrothermolysis process which have preater tenstle
strength than those from recyekod paper. There is po question tha
plant biomass is the raw malerial for the plastics industry i the
fulure. The chemistry s now, in prnciple, on hand, the question is
only ol what time can these peocesses bhe carried oat in an
economically competitive way,

Institute of Textile Chemistry and Textile Physics
{Orbwin Boblater)

I 1982 the Institute of Teatile Chemistry and Textile Physics
wis created.  The founding members were not only the federal
Ministries and the University of Innsbruck, bot also the state of
Voraribergand the local textile industry awociation for research and

. Thee Institute i located in Dornbam, the conter of the
Awstrian Teatile Industry. Dombim is alwo the site of the anoual
International Chemistry Fiber Conlference.

Much of the rescarch of the Instutule is devolad 10 environ
mental problems. For example a fotation process for cleaning
alkaline textile solutions wat developed. The pore structure of
cotion fabrics were analyzed by chromatographic methods and the
mnfluence of typical textile pretreatment processes were evaluated.
A new clecirochemical reduction process is being developed
inan adempt o substituic the chemical that are
presently used for the reduction of val. indigo and sulfur dyves,
which sull represent a large pant of the cotton dying process. An
electrechemical process could eliminate chemical reaction products
from the waste water and (he whole dying process may be camicd
oul free of waste waler.



Austrian Plastics Institute (Dietmar Loidl, Brigitte Blasch)

Dietmar Laidl

Erigitte Blasch

The Austrian Plastics Institute (OeBID) is located in
Vieana's Arsenal area, where several other public and private
research institutes are also located. This proximity affords an easy
cooperation with other insiites which are in or near the Arsenal
complex.

The Austirian Plasiics Institute (Desterréichisches
Kunststoffinstitut, Oekl) 15 the oldest division of e Austnan
Rescarch Tnstitute for Chemdsiey and Technics (Oesterreichisches
Forschungsinstitul fuer Chemie ungd Techaik, “0eFI™) in Vienna
which is mow Awstria’s leading testing laborotory. Oekl was
established in 1953 as a private research and testing Insdtue for
plastics; s first director was Reichherzer. There were two
subsequent directors: Hans Tschamler and Orto Hinterhofer. Since
1991 Dietmar Loddl is head of the instiube.

Although the OeKl ix nol a gpovernment institulion, it is
aulhorized by some official Austrian government institugions and
apencies 1o camy out testings procedures concermning: plastics and
rubbers, Cemificates of OeKl tests ure official government
documents. Such lest certificates include the amplyvsic of
thermoplastics, thermosels, clasiomers. bonding agenis and
coutings (excluding vamishes), Official tesis also nclude the
cxomination of semifmished and finished products, such as
polymer composites. The control of the procasses for the production
of these articles are also being examinad. Plastic products are
judged with respect to their behavior in contact with Tood,
Judpements sre also made for the sdmission of plastic droms and
jerricans for the tanspor of dangeroos goods. They are imporan:
parts of the authonzstion of these products for public use.

The Plastics Institute’s unigue situation is the foct that it
s alen associmed with five other divisions of the OeFl working
in different ficlds of plastic applications. One of the divisions
is responstble for the investigation of vamishes and coatings
{OeLI}, another deals with materials used i the building indastry
(OB, another is responsible for mamerials in sports application
{Ocl5T) and another [or the mvedtigation of materials for
medical applications (OelBW). The OeFl has a special division
responsible for public relarions with regand o plastics as marerials
of general use for the benefit of the public. A intal of about sixty
employees ane emploved by QeklL

The echneal rw.-]:mn\shl:l'llirk of the Plastics Tnstiuie involve
all kinds of mechanical, physical and chemical cxaminations of
plastic or rubber mmerials and their components. The products
are analyzed with respect i propertics of interest for is wse in
the environmenl Information and advice are also given in
quasiions conceming engincenng applications and constnaction
Mare recently, recycling of plostics has become an imporiant
issue

The Oekl 15 mot omly alesting luboratory, but it 1s akso involved
ina limidted numbser of nescarch programs. Most of the programs are
carried out inclose relaticaship with industry and involves protlems
of materials applications:

Some projects also have as their ohjective the development of
new lesting methods. Examples of successful research programs
that hawe been concheded within the last two years are the conpariszon
of lomg 1erm behavior of reinforced plastics, recording of the
composition of the plastic fraction in garbage, a stedy abowl volaiile
poliugants fromy plastic building products, the analysis of polymer
modified bitumen by site exclusion chromatography or the
opimization of a testing method for determining the thermal
conductivity of iube-like msulstion fooms made of plastics.

Some members. of the Plastic Instilme’s stafl also serve as
Adjunct Professors ot Austrian universities. Seminars aboul special
current developments and scientific advances are being organized
by the OcKL

The most significant annual event of the (OeFl is the presentation
of the medal of the OeFT, also called the Herman F. Mark Medal
Since 1989 the Symposium associated with this event hos achieved
worldwide reputationand International flavor, as scientists from the
LLS AL (O, Voglh, Japan (T. Sasgusa) and Sweden (B. Ranby) have
been awarded this medal which has atracied world-wide

particepation in the Symposium.

g

Otte Vegl Hermann Jenschitz-Kriegl
Austrian Industries A.G., Vienna [Gerhard Stem)

The Austrian Induestrics A.G. 15 an agglomarue of what former]y
was the Nationalized Industrics of Austrin. Itisa Holding Company
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and consists of a pumber of relatively independent companies. The
total amount of sales of Austrizn Industries is aboat 15 billion
dollars: the most impomant components of Austrian Industrics
A/G. are steel, oil, electrical industries and mining. About one half
of the activities (7 billioa dollars) of Ausrisn Industries AG is in
production and sale of prodocts of crude oil, called the OeMY
(Oesterreichische Mineraloe]l Verwahung), Mostof the activities in
the OeMV are inexploration, production {about 1.2 million tons per
wear in Aestria, or 12% of the national needs) and refining (about 8.5
million tons per vear) of oil. Natural gas is also produced in Ausisia
{1.3 billion cubic melers per year, or 23% of Aguna’s naional
needs)

The QMY also has all the major chemical, agrochemical and
plastic production, The chemistry part of OeMV is called Chemie
Linz Ges.m.b.H.; it has annual sales of over 300 million dollars; the
plastics producing pan is called PCD and has annual sabes of shout
S00 million dollars.

{a) Chemie Linz Ges.m.b.H., Linz (Gerhard Stam)

Chemic Linz Ges.mubH. (Chemie Linz) is located on the
Danube river in Linz, Upper Austria. It is a producer of large scale
chemicals but also of intermediates. Mos: of the large scale
chemicals and polymer intzrmediates including monomers ane sold
and used elsewhere. The company has a working force of about
10060 people, with subsidiary companics of about 1,800, about 75
are Ph.D’s or Universily graduabes.

Of the large scale products, Chemie Line produces melamine

and maleic anhydride. Other products, so-called intenmediales. are
produced in much smaller quantitics, The lurgest productof Chemie
Linz ix melamine; with the recent aoquisition of the melamine
fucilities in Castellanza, [aly which was bought from Moatedison,
the melamine capacity of Chemice Ling is over 50,000 ton, which
makes it the largest producer of this very impostant commodity in
Europe. The melamine production of Chemie Ling is alvo larger
than that of any single producer in Japan and amounts 1o the
production capacity of almost 705 of the Japanese production of
melamine.

Chemic Linz also produces maleic anhydnde, an intermediate
for the production of unsamrted polyester and other impornant
polymer intermediates.  Maleic anhydride is also an intermediate
for the svathests of maleimides and bismaleimides. Until recently,
Chemie Ling also was the owner of a subsidiary company, Multicon
Electronmic Ges.mb.H., which was recently sold 10 an lmlian
Company. _

Intermediates are of increasmg interest 0 Chemie Linz, Two
groups of intermediates are polymer intermediales or potential
palymer intermediates, The first group consists of N-substituted
acrylamides. prepared from scrylonitrile and tentiary aloobols o 2-
methy| substituted olefins, Chemie Linz has also the largest
ozonalysiscapacity in the woeld. Using the technology of ceonolysis,
glyoxalates are prepared from maleates and fumarates. This
technology has alvo the unique capability of opening double bonds
of umsaturated cycloolefins 1o produce alpha, omega-funclionalized
comipounds,
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(b} Petro Chemie Danubia, Linz (Florian Altendorier and
Mantrad Reatzsen)

Petro Chemic Danubia (PCD) is the successor company of
Danubia which was originally a joint company of OeMY and
Montecatni of lialy. Danubia was founded in 1960, it was the firsi
licensce of Montecating and operated the first polypropylene Gacility
ouilsicde of Naly,

Since 1968, when the company was still called Danubia, it
became fully owned by OeMV: it was recently reorganized and
named PCD. PCD produces polypropylene in Schwechat, near
Vienna with 3 capacity of about 200,000 tons. PCD also prodoces
polyethylene, both low density and high densaty polyethylene in
Burghausen, Germany with a capacity of about 300,000 tons.

Weinberg Castie

PCD s pow concentrating on the polymier engincering aspects
of polyolefin prodsction. This effon inchedes: the maximization
of polyolefin properties by optimizing the conditions of extrusion,
mjection molding. Mow melding and orentation. PCD is also
involved in research and in the production of filled compositions of
pulvolefing, polyolefin blends and alloys with the ultimate aim of
producing bower priced enginecring plidtics of the highest quality
and with optimum propertics based on polyoelefins,

PCD is ome of the most impontant polvolehn producers in
Europe, Its activities 10 support the production are therefore
concentrated upon this group ol products, An important line ol work
i% the enlarpement of the assoriment of the types for polypropylence
(PP and high density polyethylene(HDPE). based on the needs of
the maikel. For the vansfer of the rescarch and  development
activities into production, modern production equipment and pilot
plang facilities ane available which allow a quick reaction to mzrkat
requirements. Research on PP-compounds led to reinforced types
with enhanced suffnecc and strength. Examples for this line of
development ane new impact resistant and transparent co-PP-types
which permit the opening up to now ficlds of application. In
addition, high quality materials based on copolvmers of propylenc
and ethylene are wnder development. Investigations into
polymerization mechanisms, structure investigations and the
evaluation of the cfficiency of various catalyus are being carmied
aut.

Importane activities are divected toward the development of
thenmoplastics for the building industry which are now being
inroduced into the market. Al present. biends and alloys of PP arc
in the cemter of PCD's interest. Longer- range plans include
investigations of new polymer struciures hased on polyolefins.
Attempis are being made to enhance the compatibility in polyolefin
blends 25 well as 1o improve the stiffacss and the thermal siability
of PP and its blcnds. Shorter range objectives include the
technological development of new polymer blends with épecial
focus onreactive polymer blends. AnclTiciont production technology
for polymer fell has boen developed and i being wsed by the
daughier organization of PCD, POLYFELT.

A necessary extension of the methods of tedting and
characterizing of new materials and the application of such
polymers is being pursued in close cooperation with universitics
and rescarch institutions in Ausiria.  Successful cooperation
exists with the Universities of Ling, Gz, and Leoben. Plans are
underway 1o extend and strengthen this cooperation,

PCD policy is also to stress the command of the theoretical
foundations of the science in polvolefin research in order to
correlate the experimental results with the theory through model
calculasions.

Lenzing A.G, Lenzing (Juergen Lanz)

The “Zellwolle Lenzing A.G.” founded in 1939 os 2 major
producer of viscose fibers is located in Lenzing. Ausiria. An the
time of its founding viscose fibers were in high demand but had &
number of deficiencies with respect 1o processability, lenacily in
the dry and wet stale, dimensional stability and cvenness of
dyeing. Development work was directad o the improvement of
the pulp, of the viscose preparation, of spinning techniqes, and
after-treatmsents and finichings.

After the Second World War the demand for viscose fibers
increased tremendously and the textile industry requinsd a3 much
higher quality of products. Rapid development of polymer science
played an essential role in the improvement of the viscose fibers. A
hnigh wet modulus Gber tvpe wins developed, which was charactenized
by an optimal balance between the different desired mechanical

properties.

In 1969, Lenzing A.G. founded a department for research and
development and appointed H. Kracssig as its director. The
depariment began research activities on polyester fibers, on films,
on fibers and on laminates based o polvolelins. Films and fibers
were also made from polvictrlleorcthylene, polyacrylonitrile
and other acrylic polymers.

One of the more recent developments at the Lenzing AG. are
high temperature resistant polvimides which, as polyimides, are
alsonoaflammable. This development led to the first commescially
available polyimide fiber in the world. he so-called =P 84"-ibers,
apolvimide, shows stability in excessof 300°C, aglass
ransition lemperature of aboui 315°C, a high chemical resistant,
especially against acids, and a thermal decomposition temperaune
of 450°C (no meling and the possibity of prodocing spun-dyed
fibersh. The propenics of the “P 847-fibers make them also
imeresting for textile and other technical end-uses like: i) High
temperature filrazion: ii.) Braided packings: iil. ) Protective clothing:
and as iv.) Interior construction materials for the pircraft and
acrospace applications. To prepare the P 84-solutions, the polyimide
polymer is disselved in an organic solvent and this solution can be
applied dircctly for et resistint coatings.
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A solvent spinning process for a new generation of cellulosics Other rescarch topics ol Lenzing AXG. include also the
fibers utilizes the so called amine oxide process, which is presenily  biotechnological treatment of pulp and viscose fibers. For the last
being investigated. A highly viscous aminc oxide solution of 3 years, Lenzing A.G. has also been engaged in the exploration of
ecllalose is being spun into water and the cellulose is coagulated a5 biotechnological processes which are involved in the pulp and
afiber, These fibers surpass, on the basis of wet and dry strength,  viscose fiber production. Xylanases for pulp treatment have been

the performance of the traditional cellulosic fibers cotton, viscose  developed and used for the removal of hemicelluloge.
and “Modal®.
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