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Gyula Hardy

IN MEMORY OF GYULA HARDY

Plastic materiala have been produced industrially in
Hungary for over a hundred years. Plastics processing
was already carried out in Hungary in the 1920's. Al-
though pelymeric materials were produced and used be-
fore World War II it was not until after the war that the
production and use of polymers increased rapidly. At the
present time, PVC, polyethylene and polypropylene,
(Trademarks: Ongrovil; Tipolen and Tipelin; and Tip-
plen) are produced and processed in largo quantities

In order to assist the develapment of the Hungarian
plastic industry, it was thought necegsary to establish in-
dustrial research institutes which could be responsible
for the d-w]afmmhs needed for industry and to find so-
lutions for industrial problems. The Research Institute
for Plastics, and also the Research Institute for the Or-
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ganic Chemical Industry have bean established for this
purpese. Macromelecular research is carried out in both
theso industrial research institutes,

I. INDUSTRIAL RESEARCH INSTITUTES

1. The Research Instltute for Plastics, Budapes!

The Research Institute for Plastics (MUKI) was
founded in 1950; its objective was to a scientific
R/D background t-u accelerate the development of the
plastic industry in Hungary.

MUKI has 350 employees, 90 of which are research as-
sociates. The main activities of the institute have been
(since its foundation); To develop and update the tech-
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nolagies of chemical syntheses; to develop the technolo-
gies for procesaing traditional and novel plastic materi-
als, and also to promote the efficient utilization of plas-
tics materials.

The budget of the Institute was originally provided by
the state; sinea 1968 it has had to function independ-
ently, and must maintain its activities from outside sup-
port. As a consequence, the activities now stress quickly
realizable results; for example, the contribution of MUKIT
to the adaptation and improvement of foreign licenses
bought by Hungarian companies has been considerably
increased, As a result of the greater openness of the Hun-
garian economy, the Institute purposely ia trying to
achieve a constructive role between foreign and Hungar-
inn firme in introducing modern technologies. In addi-
tion, MUKI is placing greater emphasis on the possibility
of marketing their scientific achievements to foreign
countries.

Professor Gyula Hardy, had been the director of the
Institute for more than 30 years. In April 1988, Dr. San-
dor Doubravezky, who had been working on cationic and
anionic polymerization of caprolactam, and had been sei-
entific deputy director of MUEI, was appointed director.

Tha following departmeants are part of MUK

* Department of Macromolecular Chemistry and Tech-
nology (D, Tibor Cevikovazky, Head, Dr. Gabor Kovacs,
Dr. Peter Hirschberg,

* Department of Polymer Physics (Professor Goza
Boedor);

* Department for Polymer Processing (Peter Seida,
deputy director, Dr. Miklos Deri, Head, Agnes Perenyi,
Istwan Polka);

= Department for Application of Plastica (Dr. Sylvia
Orban, Head, Dr. Lazlo Fuzes, Dr. Istvan Haklita);

* Chemical Filot Plant (Gyorgy Cselik, deputy director,
Gabaor Vidra, Dr. Istvan Antal);

» Department of Mechanical Engineering Technology
{Geza Kecskemethy).

Although the main activity of MUKI i applied re-
gearch and development, scientists of MUKI have
achieved international recognition also in basic research.

Research institute for Plastics (MUKI).
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Professor Gyula Hardy's research group (headed by Dr.
Karoly Nyitral, and Dr. Ferenc Cser, are internationally
ized in the field of Polymerization in the Solid and
Liguid Crystalline Phase. They were among the first in
the 60's to recognize and establish the importance of the
essential features of solid phase pelymerization. They
clearly stated, that for the formation of liguid erystalline
polymers, an ordered state of the monomer is nof re-
quired and they worked out methods for characterization
of structures of liguid crystalline palymers. The general
conditions of mesomorphism, as well as special condi-
tions of mesomorphic polymers have been characterized.
The Main Department of Macromolecular Chemistry
and Technology in the field of Radiation Chemistry of
Polymers is under the leadership of Janos Dobo. The
technology of thermally shrinking polyethylene was
worked out on the basis of their theoretical investiga-
tions—it was developed in cooperation with indusiry.
Research on the Technology of Electron-Beam (EB)
Curing of thin polymer layers is led by Tibor
Czvikovszky. The laboratory is equipped with two pilot-
seale electron accelerators, & Co-60 gamma source, pilot-

scale plastics- ing which is combined with coating
equipment; it has developed EB- and UV-reactive sys-
tems, and improved inking of multi-component sys-

tems and radiation-cured composites. On this basis, the
production of cement-bonded chipboards, EB-coated with
speciality acrylates, fitted with twe EB-accelerators of
250 kV each is now in production in Hungary.

The department headed by Peter Hirschberg has been
studying the synthesis of oligomers and their application
potential. The group is mainly interasted in the develop-
ment of saturated and unssturated polyesters, vinyl es-
ters and their composites. Of special importance is the
study of the kinetics of pal jon reaction and the
behavior of ion-containing pelymers (Dr. Ibolya Vancso).

The department working under Gabor Kovac's leader-
ship has been carrying out extensive research work on
Acrylate and Urethane Chemistry; they are also invoelved
in the study of biclogical and biomedical use of polymers,
eapecially Microcapsulated Pesticides, Transdermal Me-

Department of Plastic's Processing of MUKI.



dicaments for humans. They are also investigating Inter-
penetrating Notwork Structures and improvements in
the production of polymer membranes for filtration

F_-n

The research group on Micromorphology of Polymers,
and Applied Polymer Physica is led by Professor Geza
Bodor, Electronmicroscopy, X-ray ia, Infrared
Spectroscopy, and Gel Permeation Chromatography are
used for most of their studies. Charasteristics of the
phase structures of polymer systems, such as the long
period-values, the inertia radius, the correlation function
of electron-density and the crystalline particle distribu-
tion have boon investigated, Special methods have been
developed for the determination of crystalline particle
size distribution of semi-crystalline polymers on the basis
of the wide-angle line profile widening. For the determi-
pation of specific amorphous orientation this was done in
combination with a ultrasonic wave technique and with
wide and small-angle X-ray diffraction techniques,

Applied polymer physics research is concerned with the
t.h.rm.nl, mochanical and eloctrical investigation of the
polymers,
Helaxation Properties of Polymers have been investi-
gated for a long time at MUKI, by the group of Dr. Peter
Hedvig. A very useful instrument, “Multi-relax”, has
been developed, which makea it posiible to measure
stress-relazation, creep and shrinking charncteristics of

polymers.

The Main Dapartment of Polymer Processing s in-
volved in the determination of optimal ing para-
meters, and the relationship between the technological
parameters and the properties of the end One
of the objectives of this work is to extend the applicability
of the thermoplastica polymers mads in Hungary (PVC,
LDPE, LLDPE, PP, PA) to their maximum uses by sys-
tematic modification of these polymers (e.g. blendi
with other polymers, fillers, reinforcing materials a
specinl additives),

Research on Technically and Economically Efficient
Utilization of Pol: ia concentrated in the Main De-
partment for Application of Plastics. The activitics of the
Main Department are invalved with problems of
tion, weathering, stabilization and combustion of poly-
mera and with problems of the use of polymers for pack-
aging applications, and the application of polymers in the
construction-industry, electrical- and electronic-industry
and in agriculture. A Technical Information Center was
organized in the Main Department which provides essen-
tial information for industry, with catalogs and computer
data system. [ts purpose is to pin-point the technically
ﬁmmlcﬂlr timalization of polymer systems for

deaired

In the Chemical Pilot Plant, the Scale-up of the Labo-
ratory Processes which had been worked cut in the de-
partments of the institute is being pursued; a pilot plant
is responaible for the development of complets manufae-
whmummmmm
on aguecus dispersion of vinyl acetate and
mmdpﬂfum eopalymers. Reactive dilu-
ents have been applied to epoxy systems and to special
pmmumum both on a laboratory and on
pilot plant scale. A new technology was worked out for

the production of spoxy reain with low molecular weight.
hﬂw s-tmdh:rlttml
in Hungary on process
The Department of Mechanical Engineering Technol-
oy is dealing mainly with the development of tachnalo-
gies of mechanical engineering for the production of com-
poaites of unaaturated polyesters and other polymers Lo
b s G e et Sty e adiatured i the
o in the do ¥
department are now used in soveral Hungarian and aven
some foreign fctories for proeducing polyester corrugated
sheets, preprogs and foams, as well as for
molding and injecting polyestor resin. Color indicators
have been developed for the delection of organic
catalysta, which proved to be very effective in
production. A filter for a foundry has been developed on a
polymer base, that can be applied to very high tempera-
tures.

2. Research institute for Organic Chemical Industry
Budapest, [SZEVIKI]

The Instituts rma research/developing activities
for the organic industry, for the -
cal-, pesticide F‘dﬁf.md plastic industry. Director of
the institute is Dr. Histamas, the scientific deputy
director is Dr. Gyula Hortvelyeasy.

Research work on additives and processing aids for
polymers, which was originated “:r ir:em by Dr.
Gyorgy Ocskay, the us director institute, is
about mﬂmmm-mu

Degradation and Stabilization Processes of PVC have
been studied at SZEVIKI for about ten years, initially
under Dr. Gyorgy Ocskay's and then under Dr. Gyla

netic studies which are based on the evaluation of infra-
red spectroscopic data of PVC sheets stabilized with
metal stearates. Kinetic equations have been derived for
dependence of the concentration of metal stearate and
aster groups os & function of time; the rate of formation
of stearic acid has also been investigated. Substitution of
allylic chlorine atoms of the polymers by stearate groups
of the stabilizers (Fry and Horst's mechanism) was found
to be an ionic reaction; the substitution rate depends on
the concentration of ions, in accordance with the Debye-
Huckel theory. The ions are originated mainly by the dis-
sociation of metal stearates, but it is influenced and re-
tarded by complex formation of the two kinds of metal
stearates. Decrease of the concentration of lons increases
the rate of the substitution of allylic chlorine, which
couses the stabilizing effect. Further complex-formation,
by adding pentacrithritol and ionic (antistatics) additives
mmhmmv-l:ﬁfﬂﬁamﬁw
Laboratory o m::n ﬂu the

and

Hw;nhﬂ m:’hmmlﬂmgﬂ;ithh
in j w
ﬂﬁhm&;dm

For the industrial exploitation of the scientific results
of SEEVIKI and in atiempts to provide markets for new
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Hungarian products, the Institute also conducts market-
ing activities.

The Depariment of Intermediates also has a group in-
volved in the investigation of Synthesis of Polymer Addi-
tives, which is under the leadership or Tibor Wein, Dr.
Tama Szabolesi and Kornel Szijarto. In the Laboratory of
Application Technique, led by Dr. Zsuzsa Nyitrai, the Ef-
fect of Additives is being studied. As a result of these ac-
tivities the aynthesis of several thermal stabilizers,

uenchers and light stabilizers for PVC (trade-name ON-
&RDS‘I’&B}. a8 well a8 novel blowing agents (EVIPE] has
been developed. Polymer compesitions invelving these
now additives are already in industrial production.

An important part of the activities of the SZEVIEI is
the study of the Effect of Polymer Products on the Hu-
man Organism, o. @ the selection of the oppropriate ma-
terinls for food packaging. Members of the Institute took
part in the compilation of the so-called “Positive List™ of
the plastic industry {(a list of polymors and additives per-
mitted to be used for food packaging).

The Institute has been cooperating also with different
foreign firms for the development of pelymer additives.

Il. DEVELOPMENT OF INDUSTRIAL ENTERPRISES

The consumption of plastic materiale inereaged in Hun-
gary st a rapid pace in the peried follewing World War 11.
The import of polymera burdened the balance of the for-
eign trade of the country with increasing seriousness.
Therefore the development of the polymer producing in-
dustry became inevitable. The problem was, Lthat the ca-
pacity of polymer producing plants that work with maxi-
mum efficiency, exceeded the needs of the internal mar-
ket of the country with & population of ten million. To
surmount these difficulties there was one reasonable
way; to produce only a few types of polymers in economi-
l:l.]{'g.l functioning high capacity plants, to export the ex-
cess, and to import the plastics moterials not produced in

View on “Tlsza Chemical Works."

258 POLYMER NEWS, Vel. 15, No. 8

Hungary.
At present Hungary exports suspension PVC (trade-
mark Ongrovil), polypropylenc (Tipplen), and linear poly-
ethylene (Tipelin) in substantial amounts. Jon exchange
resins (Varion) epoxy and polyester resins and cellulose
nitrate for the paint and varnish industry ere also ex-
portad, but in smaller amounts.

The Plastics production in Hungary in 1987 was in ex-
eess of 500,000 tons. The Plasties consumption in Hun-
gary is presently about 50 kg'person, somewhat lesa than
in some of the industrielized countries in Europe, e.g.
United Kingdom, Italy, France, While industrial produe-
tion of plastics material in Hungary hes increased slowly,
the proceasing and utilization of polymers is developing
much more rapidly. A summary of the individual compa-
nies and their prodoct lines is shown in Table 1.

Some factories of the plastic industry have also organ-
ized their own research groups and laboratories for the
rapid solution of their day-to-day problems to support
their production and for some modification in the proe.
ezses. Several of the new products developed in these
laboratories have been commercialized. The research
groups of some of the larger companies maintain good re-
lations with the Research Institutes mentioned in this
article, and in Part | and IT of this series; they are also in
close contact with other institutes and with universities,

The data deseribing the most important factories of the
plastic industry in Hungary, as well as their products
and their activities of cooperation are listed in Table 1.

View of the Parliament from the Castie HilL




Table 1. Some Information about the Most Important Hungarian Plastics Companies

MName and Abbr. Production Development Institutional
Company Location Cooperation®
Chemical Complex of BVK Production or PVC powdars New PVC and PVC-based MUK, KKKI,
Borsod (Borsodi Vegyl and granules chlorinated PVC biend types. PUR SZEVIKI
Kombinat), Kazinchareika polyamide block polymer and  (prepolymars and mixtures)
granules, MDI| and PUR, Palymer-based paints and
processing aids. Processing adhesives. Processing aids.
of PVC (for construction-
industry, fumiture, cars,
packaging), polyolefins,
polystyrens, polyurethans
and engineering plastics.
Paint and Synthetic BUDA- Products for the paint and New types of vamishes and JATE, WWE,
Resin Works LAKIK vamish Industry, Bonding adhesives based on alkyi-, KKEI, BME
(BUDALAKK Felekes materlals based on aming- and vinyl-copalymer
Mugyantagyar), Budapest polyesier-amine resins and resing. Water diluted and
acrylale-copolymars. disparsive bonding matarials.
Mew environment protective
solvani-irea and aqueous
paints.
Morth-Hungarian EMY Pelyursthane hard and soft PUR-and formaldehyde- MUK, ETI
Chemical Works foams for furnifure, based plastics. Improved SZIKKTI,
(Eszakmagyarorszagi construchion-and texdile- fiammability. AUTOKUT,
Vegymuvek), Sajobabony Industry Intermediates. gmowrm.
Graboplast, Cotion- GRABO- PVC- and PUR- based Development of processing MUK,
weaving Mill and Artificial PLAST artificial leather products, technologses. New PVC BZEVIKI,
Leather PVC floor coverings, & for water isclation.  INNOV L
{Gmhnphﬂw::ri based wﬂ-papng P;H.M stapla ﬁ;wmm and BME, WHTEHT
Pamutszovo es fibers. Synthetic silk cloth, plastisols. Antistatic floor KKKI, BCK
Muborgyar), Gyor non woven textiles, adhesive coverings. Products for the
tapas, PVC-basaed sealing automotive industry. Mon
compounds for food woven toxtiles.
packaging, tilt for trucks,
siore tents.
Hungarian Viscose MY Fibars: viscosa (Macosa), New types of poly{acrylo- MUIKI
Factory (Magyar polyamide (Danamid), poly- nitrila) and Viscose fibars. NEVIKI
Viscosagyar), acrylonitrile (Crumaran), Procassing of enginearing BME
Nyergasujfalu polypropylena {Progil). thermoplastics. Biotechnal-
Palyamide granules. Polymer ogy. Ultra-filter membranes.
nats and grates (Natlon).
Draf carpet yam, Intermed-
iates, GMC products (Maviband).
Nitrokemia Industrial NIKE Production and processing Developmant of ion- KKK, MAFK,
Works (Nitrokemiai of palyester resins. lon- exchange resins, Styrofoam  BME, ELTE,
Ipartalepek), exchange rasing, Polystyrene pofystyrane. Polyesiar JATE, VVE
Fuzfogyartelep proceasing. Intermediates. composites.




Centers of Polymer Ressarch

Table 1. Some information about the Most important Hungarian Plastics Companies (cont'd)

Name and Abbr, Procucton Development insttutional
Company Location Cooperation®
PANNONPLAST Works. PAN- PVG Moor coverings (Colorvinil,  Products for construction- MUKI, KKKI,
{PANNOMNPLAST NON- Colorvinilelastic, Hungelastic, industry. Packaging BME, GAMF
Muanyagipar Vallalat), PLAST  Hungifiex, Hungibod, Hungelll).  matarials. Processing of
Budapast PVG pipa and fitings. Differont  enginearing thermoplastics.
types of film (for waler isolation, FRaprocessing.
fumniture, food ”
agriculiure, eic. ).
mokded products. Food
packaging cups and boxes.
Alrfair heat-exchanger. Plastic
ground covers for playing felds.
Past County Plastic PEMU Polyolefin pipes (up 10 830 mm  Plastic parts for auto- MUKI, KKKI,
Processing Company diameter) and fittings. Therme-  motives. Garden SZEVIKI,
(Pest Megyei Mua- plastic sheets. PP and PTFE fumiture. Injection moided BCK
nyagipar Viallalat), pumps for chemicals., engintaring plastics.
Solymar Processing of PTFE and siicone  Compounds, blends and
rubbers. PUR products. Blow composites,
malding, injection molding.
Thermopiastic compounds.
Compounds with improved
fammabity, Sporting shoas
parts for foolwear.
TAURUS Hungarian TAU- Wide scale of rubbor Vulcanization of athylena/ KKKI, MUKI
Rubbar Works RUS products. Machines propylena ter-polymers with
{TAURUS Gumiipari for rubber processing. regins. Special rubbor
Vallalat), products with high dielectric
Budapest strength. Elactrostalic
rubbars. PUR products with
stoal cord layer,
Tisza Chemical Works TVK Production of olefing, Increasing olefin production.  MUKI
(Tiszal Vegyi polyclefins (PE, PP) paints Special types of polyolefing.  SZEVIK],
Kombinat), Leninvaros and fertiizers. Polymer Special polymer blends and  KKI1, BME
processing. compounds. Adaptation of VVE
new technologla in polymer
procassing.
Electrical Insulating VSIM Injection molding and extrusion  Physical and chemical cross-  MAFKIL EMI
Materials and Plastic of thermoplastics. Compression  linking of polyethylane. MEEI
Factory (Villamosszi- moiding of aminoplasts and Reinforced friction products
getelo es Muanyaggyar), phenoplasts. Processing of freo of asbesios. PS/PMMA MUK, KKKI,
Budapas! plass fiber reinforoed polyestor  blends. Application of ELTE, GAMF
rosins. Heat shrinkable goods different additives
from irradinted PE. Friction
products. Laminates.
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AUTOEUT Research and Development Company for
the Automotive Industry

BCK Ressarch Inatitute of the Leather and
Footwear Industry

BFV Development Institute for Furniture In-
dustry

BME Technical University of Budapest.

ELTE Eotvos Lorand University of Science,
Budapest

ETI Hungarian Institute for Building Sci-
[slale

GAMF College of Mechanical Engineering and

Automation
INNOVATEXT Innovatext Textile Engineering Com-
pany
JATE Jozsef Attila University of Scicnces,
Szeged

KEEI Central Research Institute or Chemistry
of the Hungarian Academy of Sciences

KLTE Hossuth Lajos University of Science,
Debrecon

MAFKI Hungarian 0il and Gas Research Insti-
tute

MEEI Hungarian Institute for Testing
Electrical Equipment

MUKI Research Institute for Plastics

NEVIRI Research Institute for Heavy Chemical
Industriss

BIEVIKI Research Institute for the Organic
Chemical Industry

SZIKKTI Central Research and Design Institute
for Silicate Industry

VVE Veszprem University of Chemical

Engineering, Veszprem

The main direction in the industrial development of
plastics materials in Hungary is the development of ape-
cialty plestics by means of establishing new production
branches (PUR, PETF), and through modification of large
scale polymers.

The plastic industry, which has been one of the fastest
developing branches of the Hungarian industry in the
last 20 years requires also an intensive research activity.
Some of the conditions of the World Bank's credit are the
reorganization, intensification and increased independ-
enca of the research senters of the factories, The furthar
development of polymer research and that of the plastic
industiry is expected to be promoted by the growing num-
ber of joint enterprises, which are partly owned by com-
panies of industrialized countries (Federal Republic of
Germany, [taly, U. 5. A., Japan) but are based on the so-
cial changes presently taking place in Hungary,
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