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2. History of the UNIDO/AUSTRIA Training Programme 
in Plastics Technology 

Gro.>up Training Programmes for engineers and advanced technical 
personnel from developing countries are organized by UNIDO 
in co-operation with the Govern.ents and Industries of countries 
having the specialized know-bow end experience in the field in 
which the training is carried out. It is being increaaingly 
recognized that intensive, systeaatic and closely controlled 
training in a suitable industrial environment is one of the most 
effective ways of acquiring industrial experience in a relatively 
short time. Through these progrSJ1J1es a means bas been found of 
providing an experience that might not otherwise we possible in 
oeveloping countries. 

The progr8.Jlllles help to bridge the gap between the specific 
requirements of industry and the theoretical knowledge the 
participants have acquired through their studies. They also 
provide an opportur~i ty for an exchange of ideas and experience 
both aaong senior personnel of industry JlJld research institutes 
in induRtrialized and developing countries and 81long those from 
the developinc; countries themselves. 

Austria and IKT-TGft are responsible in the field of plastics 
technology aince ~9?0. 

Since 19?0 LKT-TGJt held tc.urteen programaes with a total of 
243 participants fro• 66 eountries. 

'l'be regional distribution was the tollowing: 

Far East (FE) ?8 32 " 
Middle/East 
Borth .ltrica (HE) 61 25 " 
Latin Aaeric~ (LA) 50 21 " 
.ltrica (U) 32 13 " 
Europe (EU) 22 

9 " 
60 ~ ot the participants caa'9 froa coapani.es, 40 " from 
inatitut•s and governaent organizations. 
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Place Region Pro gramme 
1. - 10. 

11. 12. 13. 14. Total 

Mghanistan ME - - 1 - - 1 

Algeria ME 2 - - - - 2 

ArgentillB. LA 2 1 - 1 - 4 

Bangladesh FE 3 - - 2 - 5 
Bolivia LA ; - 1 - 1 5 
Bulgaria EU 1 - - - - 1 

Brazil LA 3 - - - - 3 
Burma FE 1 - - - - 1 

Chile LA 2 - - - 1 3 
Chill8. FE 5 1 5 - 1 1?. 

Colombia Ll 4 - - - - 4 

Coata Rica LA 3 - - - - 3 
Cuba LA 4 - - - - 4 

~:l"\18 EU 3 - - - - 3 
Dominicanian Republic LA - - - 1 1 2 \Jl 

Eeua4or LA - - - - 1 1 

Ef'!t ME a - 4 2 - 14 

El alva4or LA 2 - - - - 2 

Ethiopia AF - - 1 1 - 2 

Gha.IUi J.F 3 - - - 1 4 

Guate~a LA .. - - - 1 1 

Gu:rana LA 1 - - - - 1 

Boilcluras LA 1 - - - - 1 

Hongkong FE 1 - - - - 1 

BungaJ.7 EU 3 - - - - 3 
llulia 1PE 6 - - 2 4 12 

Ind.oneaia FE 6 2 1 - - 9 
Iran ME 18 - - - - 18 
Iraq ME 8 - - - 1 9 
Israel ME 3 - - - - 3 
J~ca L.l 1 - - 1 - 2 

Jordan ME 1 - 1 - - 2 

Korea (South~ FE 1 - - - - 1 

Korea (Jforth FE - - - - 1 1 

-;- ~ 

.:." ·~ 
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Lebanon HE 1 1 - - - 2 
Madagascar u 1 - - - - 1 
Malawi il - 1 - 1 1 ' l1alqsia !'E 1 - 1 - - 2 
Malta EU - - - 1 1 2 
Mauritius u - - - 1 1 2 
&zillllbique u - ~ - 1 - 1 
Nepal n - - - 1 - 1 
Ni Ca:&. ·.:.gua LA 1 - - - - 1 
Nigeria AF 4 - - - - 4 
Pakistan FE 6 - - - - 6 
ParaSUQ LA 2 - - - - 2 
Peru LA 3 1 1 - 1 6 
Philippines J'E 3 - 1 - - 4 
Poland EU 6 - - - - 6 
Roaania .t.'U 2 - - - - 2 
Senegal J.F - - - 1 - 1 
SiDgapore FE 3 - 1 - 2 6 Cl' 
Soaalia AF 1 - 1 1 - 3 
Sri IAnJra P'E 1 - 1 1 2 5 
Sudan u 2 - - - 1 3 
&.rria ME ; - 1 - - 6 
Tai.wan FE 2 - - - - 2 
Tanzania AF 4 1 - 1 - 6 
Thailand P'E 6 - - - 1 ? 
Trinidad Tobago LA 1 - - - - 1 
TurkQ EU 4 - - - - 4 
Uruguq LA G - - - - 6 
Vietnam P'E - 1 - - 1 2 
Yu.en (Aden) ME - - 1 - 2 3 
'tugoalavia EU 2 - - - - 2 

Zambia il - - - 1 - 1 

(66) 166 9 22 20 26 243 

·~ 

--""'-------·· 
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3. Background and Objec~ives 

The programme, organized by the United Nations Industrial 
Development Organization (UNI.DO), in co-operation with the 
Government of Austria, is one of the series of UNIDO training 
programmes on specific sectors of industry for engineers from 
de,·eloping countries. The programme will be carried out by the 
Laboratorium filr Kunststofftechnik (LKT-TGl1). This programme, 
the tourteenth in succession, has been implemented annuall.7 
since 1970. 
The rapid i:icrease in the use and application of plastics in 
industry, agriculture and homes in recent years has places 
plastics among the leading basic materials used for economic 
development of the developing countries. Parallel to this 
increase in the demand for plastics products, the developing 
countries have embarked on the establishment and development 
of a plastics industry to meet their own demands and ev~n 
export to other countries. However, besides the financial 
difficulties, they are also encountering technological difficul
ties in processing and in acquiring raw materials. 
The principal objective of the programme is to bring together 
a group of selected persons whose work is expected to benefit 
from a concentrated programme in modern plastics technology 
which otherwise would require a lo:ag period of training, 
~esearch and development work. The programme is designed mainly 
to emphasize plastics fabrication technology, including the use 
and selection of modern processing eq1·;_pment, quality control 
and testing, as well as various applications of plastics. 
The programme has received the support of the Austrian Federal 
Chancellery, the Austrian Federal Ministry of Foreign Ai'fairs, 
the Austrian Federal Ministry of Education and Fine Arts and 
the Austrian Federal Chamber of Commerce. 
The Laboratorium filr Kunststofftechnik (LKT-TGM), a leading 
technological institute has promised full co-operation in 
running the theor~tical and practical course in plastics 
technology in its premises, utilizing its laboratories and 
equipment for this purpose. The institute has a staff of highly 
qualified specialists. 
The programme will consist of theoretical and laboratory 
training, study visits and an evaluation session. 
The theoretical part of the training will cover a general 
introduction to the plastics industry, the chemical and mechani
cal technology of plastics, raw ~aterials, utilization of plastics 
equipiJent ~~.,1 tools• etc. 
The practical training will be implemented in laboratories of 
LKT-TGM in Austria. The participants will be 9ssigned to small 
groups according to their field of specialization and training 
needs as much as possible. 

\ 

' 
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4. The Training Programme 

4.1. Subject List 

Abbreviation Subject Plastics 
Technology 
Hours 

TTD 

PCT 

PPT 
HEJ'l 

PEN 

PPH 
CEN 

'l!tE 

TAN 

cc 
CE 
CT 
El 

FI 
FO 

IC 

MF 
MM 

PC 
pp 

QC 
RF 
TS 

Technology Transfer and 
Development 4 

Plastir.s Chemical Technology 8 
Plastics Physical Technology 14 
Mechanical Engineering and 
Mould Design 18 

Plastics J.pplication Engineering 6 

Polymer Physics 4 

Control Engineering 4 

Training Methods 2 
Trouble Analysis 4 

Subtotal Theory 

Compounding and Calendering 
Computation Engineering 
Control Techniques 
Extrusion 
Fin:tshing 
Foaming 
Injection And Compression 
Moulding 
Machining and Forming 
Mould Making 
Polymer Chemical Analysis 
Polymer Physical Analysis 
Quality Control 
Reinforced Plastics 
Trouble Shooting 

Subtotal Practice 

Grand Total 

64 

10 
4 

12 

16 

4 

6 

18 

6 

2 

4 

10 

8 
6 
4 

110 

174 
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4.2. Content of Lectures and Lecture Rotes 

4.2.1. Design o! Lecture Kotee 

The lectures notes have been adapted and developed in 
accordance with UIIDO, with the participants and with 
the experience of eleven progr ... es since 19?0. 
To aeet the general, practical and theoretical needs of 
the participants three levels of coapr•henaive iatoraation 
are off ert in fora ot 

- general lecture notes 
- special lecture notes 
- research papers 

(880 pages} 
( 'Z}O pages} and 
( 60 pages). 

•or thia progr ... e th• tolloviDS lecture not•• haTe been 
edited or reTiaeda 

Plutica Hqaical hobDOlolf (226 pagea) 
Plutica J.pplication Engineering ( 46 pages) 
Po~r }!Qaical •na17aia (24 pages) 
Po~•r Cheaical !echDololJ ( 6 page•) 

4.2.2. General Lecture Rotes (Theo17} 

TmHllOLOGY TIWISPER AHD DEVEL091EHT (1'TD) 

H.Hubeny 

The Global Situation (selected Indicators): 
World Development Report - Population - Non-Renewable 
Resources - Energy - Education - Income 

Principles of Development: 
Historical Models - Development Analysis 

Technology Transfer: 
Assumptions - Definitions - CoLcepts - Cost of Technology 
Transfer - Characteristic Stimuli and Barriers - Effects 

Documents: 
Code of Conduct - O~D Classification - National Paper 
of .lustria 

ftodels of Execution: 
Macro-Level Conditions - Micro-Level Conditions - Plastics 
Technology - Plastics Developm~nt Activities 

P~raonal Questions: 
Rete: ... enc bll: 
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PLASTICS CH»fiC.lL TinHNOLOGY (FCT) 
E.Wogrolly 

Classification of plasti~ materials 
Formation reactions 
Functionality 
Polymerization reactions: Addition polymerization (free 
radical aechanisa - ionic .:.echanism) - Condensation poly
merization - Copolymerization - .luxiliary aaterials for 
polymerization. 

Physical Behavior of Plestica 
Secondary Bonds: Dispersion Forces - Dipolar-orientation 
forces - Induction forces - Hydrogen bridges. 

Transition States: Hard-elastic state - Setting or Softening 
range - Glass transition - Brittle Point - ElRstomeric state. 

Pol7olefines - Pol7eth;rlene (PE)-Hodified Pol.7et~lene
-Chlorinated Po~eth;rlene (CPE)-Sulfochlorinated Po}3'etb.7lene-
-Crosslinked-Copolyaers with Et~lene-E~lene/V~lacetate 1 

(EV.l)~th.7lene/Vi.D;Jlalcohole (EV.&L)-Ethylene/Et~lac17late 
(EEA.)~tlqlene/Butene or Bexene (see also LLDPE)-Degradation 
ot Polyet!:qleLe-Polypropylene (PP)-Hodified Pol.yprop7lene
-Copoqmers with Et~lene (EP!I and EPDM)-Pol.ybutene -1 (PB)-
-Pocyisobut7lene (PIB)-Poq-4-metlqlpentene -1 (Pl'IP)-
-Unsatura~ed Poqolefines-1,2-1,4-Polybutadiene-P~lypentenamer-
-Poqoctenamer-Ionomers--Other Polyolefines,Trends in research 
and development. ,· 
Polyvi~lchloride (PVC) - Pl~at.icized PVC-Modified PVC-
-Compounds (Blends) with CPE-<iompounds with EVA and graft 
polymers of EVA with VC-Compauuds with Ac17lo/Polymers-
Copolymers with Vi~lidenechloride VDC/Acr;ylonitrile-
Copolymera with Maleic-imide. 
Pol.7st7rene (PS) - Unipolymers-Copolymers-Copol.ymers with 
ol.-Metlqlat,yrene-Copolymers with Accyloni trile (SAN) -High 
impact Po17st,yrene-St;Jrene/Po}Jrbutadiene graft polymers
-Styrene/.lcr;rlonitrile-butadiene-St7rene/l'faleic Anhydride 
{SMA.)-Expanded polyst;Jrene (EPS) • 
.lcl'J'lica - Polyacr,rlonitrile (barrier plastics)-Polyacl'J'lates
-Polymet~lmethacr;ylatea (PMMA.)-Polymethacl'J'limides-
-Reclamat!on of HM! from Ac17lic wast6s. 
H-Viqlpolyllers 
Polyethers - Polyo:qme~lene (POM)-Poqetlqleneoxide ( PEO). 
F-Poqmers - Po~tetrafluoret~lene (PTJ'E)-Pol1'trifluor
cblor.,etlqlene (PCTJE)-Copol.yaers-Copo~rs with Bexafluoro
prop7lene-Po:ytetrafluore~leue-co-per1·1uoraet~l viqlether
-Po~erfluoralk71 vi~lether ',Teflon PHA)-Po~viqlfluoride 
{PVF)-Pol.yvi.I17lidenefluoride \PVDJ). 
Silicones ·~ Metlqlpolysiloxanes~Fheqlpol.7siloxanes (PSI). 
Pol.7aaidea (PA) - Poly&1&ide 6 and 6,6-Polyaaicle 4 and other 
ali~hatic Pol.7aaides-.l:..'oaatie Po}7aaides. 
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Poqcarbonate (PC) 
Poqterephthalates (PET, PBT) 
Pol.yphen;rleneoxide (PR>) 
Poqsulfone (PSU) 
Pol.ypheD;Jlenesulfide (PPS) 
PoJ.7etbersulfones (PES) 
Phenol/Fo:raaldel:qde Resins (PF) 
Urea/Formaldekqde Resins (UF) 
Melaaine/Formaldekqde Resins (MF) 

... 

Unsaturated Poqesters (UP) - UP-Resins-Crosslin.king of UP
-Che11istr;y of Peroxides-Alkyd Resins. 
High Teaperature Resistant Pol.yaers - Po).7i.aides (PI)-Pol.7-
benziaidazole-Polyi.llidazop7rolone (P,rron)-Po}7c7clobutadiene. 

Poqeporides (EP) 
Polyurethanes (PUR) - Diisoc7anates-PU Elastoaers-Relation 
Between Structure and Properties of POR-Hanuf acture and 
Properties of PUR-li'oams. 
Flaae Retardan07 of Pol.yaeric Materials 
Auxiliar;y Chemicals 
Health Hazards and Toxicit7 
~egradation and Stabilization 
EnviroDl4ental Behaviour of Plastics Materials 
Plastics Waste Management 
Reclamation, Rec7cling and Reuse of Plastics Waste. 

PLASTICS PHYSICAL TEnHNOLOGY (PPT) 

H.Hubeny 

Plastics Technology 
Introduction 
Cycle Process 
Model Matrix 
Quali~y and Polymer Processing: Materials - Processes -
characteristic functions 
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Technological States: Basic ftaterial - Intermediate 
Material - Besin - Additives - ftoulding ftaterial - ftoulded 
Material - Seai-finished Product - Finished Product - Waste. 
Concersion Processes: Refining - Syntheses - Coapounding -
Fabrication - M•chining and Foraing - Finishing - Appli
cation - Recycling 

Molecular Structure 
Linear ftacroaolecules: ftolecular Models - ftolecular weight 
- Helical Conformation - Polarity 
Crosslinked ft4croaolecules 
Thennodynaaics of ftolecules: Potentials - Molecular ftotion 

Morphological Structure: Amorphous - Mesoaorphous -
Crystalline Structure 

Additives: Stabilizers - Pillers and Reinforceaent 
Materials - Plasticizers - Colorante - Flaae Retardants 
- Antistatic Agents - Blowing Agents - Antiayotika 
(Biozides) - Lubricants - Activators - Hucleating Agents 

Rheology 
Elasticity: Crystalline Elasticity - Rubber Elasticity 
Viscosity: Hewtonian Fluids - Hon - Newtonian Fluids 
- Plow Theory - ftorphological Interpretation 

Propertias o: Plastics . 
Jlassification: Oscillation Tvidting Test - Definitions 
(Theraoplaatics, Theraosets, Elastoaers, Theraoelastics) 
Abbreviations 
Price 

Statistical Data 
Theraoplastics ftoulding ftaterials 
Bulk Pol,mers: Polyolefines (PE, PP, PB, Ft1P Ionomers) 
- Styrene Polymers (PS, BS, .ABS, SAi) - Vinylchloride 
Pol,mers (PVC + Cop). 
Engineering Thermoplastics: PA - PUR - PE'l'P - PBTB -
PC - Phenoxy - POft - PPO - PPS - Polysultones - Polyaryl
sultones. 
General Thermoplastics: CA, C.AB - Chlori~ated Polyethers 
- Fusible Polytluoro-carbons (PCTFE, PFEP, PVDF) 

Thermosetting ftoul~ing ftaterials: 
ff-~-M-W-EP-~ 

Thermoelastic ftoulding ftaterials (Pt1tlA) 

High Teaperature Resistant ftoulding Materials: 
PTPE - PI - PBI - PBT - Developing Products. 
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Particle size reduction: Crushi.D~ - Grinding 
Miring: Operations - Dr.r solid mixers - Static and screw 
(auger) mixer - Hullers - Tumble mixers - Bibbon blenders -
Orbiting screw mixers - C7lindrical mixers - Fluid ai.xer -
Helt aixers - Internal kneader - Extruders - Hotionless 
mixers - Liquid aixers. 
Pelletizing 
Compounding paramet~rsz Homogeneity - Gross uniformity -
Texture and local structux·e - Helt behaviour - Colour matching. 
Continuous Processing 
Classification 
Continuous casting and laminating: Operations - Solvent fila 
casting - Hulticoaponent liquid resin processes - Laainating -
Slab stock foaai.ng - Pultrusion - Continuous coating -
Operation - Spread coating - Cast coating - Boll coating·-
Transter coating. 
Calendering: Operation - Calender types - Rheological 
calculations - Calellder coating and laminating • 
Extrusion: Operation - Classification of extruders - Single
screw extruder design - Function - Extruder size and L/D-ratio -
Feed screws - !IheorJ' of plasticating single screw extruder& -
Feed section - Transition section - Metering section - Screw 
and die characteristics - Multiple screw design - Twin screw 
extruder design - Function - Calculations - Screw and die 
characteristics - Extrusion processes - Internal flow design -
Basic rheological relations - Rheology applied to die design -
Tubular extruaion - Sheet and film extrusion - Profile 
extrusion - Extrusion coating and 181linating - Foaa extrusion -
Extrusion controls and instrumentation - Process paraaeter 
control - Thickness control - Superviso17 control loops -
Cooling stresses. 
Discontinuous Processing (Moulding) 
Classification 
Liquid phase aoulding: Operations - Casting procesaes -
Rotational moulding - Monomer casting - Reacting injection 
moulding - Reinforced composites moulding - Hand 11q-up 
moulding - Spr1q-up moulding - Bag moulding - Filament 
winding - Coating. 
Compression aoul'1ng: Operations - Moulds - Flow and curing 
behaviour - Shrinkage behaviour - Preheating - Wet moulding -
Controls. 
Transfer moulding: Operations - Moulds. 

' 

l 
I 

I 
i 
\, 
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Injection aoulclings Operations - Plasticating unit - Moulds -
Processing variables - Requireaents - Pressure - llow rate -
~eaperature - Cooling rate - Shrinkage - Frozen strains -
Entrop7-elaatic strains (orientation) - EnergJ-elastic strains 
(cooling stresses) - Injection aoulcling processes - Injection 
aoulding theraosets - Coinjection aoulding - Structural f oaa 
aoulcling - rtultistation rot&r7 injection aoulcling - Injection 
aoulcling controls - Process control - Process aoni torir.g -
Hicroproceasors - Injection work. 
Blow aoulding: Extrusion blow aoulcling - Operations -
Continuous extrusion - Interaittent extrusion - Coextrusion -
ftoulda - Progr• .. ing - Injection blow aoulding - Operations -
Tvo""i>osition 117stea - 'three-position 117stea - lour-position 
117stea - Developing 117stems - Stretch-blow aoulding - Blow 
aoulding controls - Vall thickness - Finished weight -
Hicroprocesaors. 
Fabricating of Seai-Piniahed Goods 
Technical teJ:'llB 
ftachinings Operations - ~sical conditions. 
Foi-aings Operations - Vacuua fol'lling - Blow foraing -
Ke~.hanical forming - Operations - Folding - Bending - Beading -
Pressure forming - Stuping. 
Asseabqs Welding - Operations - Friction welding - Hot-Gas 
welding - Hot-Plate welding - Heated wedge welding - Hot-Bsr 
welding - Impulse welding - High-Frequen(:7 welding - Magnetic 
heat welding - Ultrasonic welding - Bonding - Adhesive bonding -
Electroaagnetic boncling - Kechanical fastening. 
Separating 
Finishing 
Painting 
Printings Operations - Ple:xograpQ - Gravure - Li thograp~ -
Silk screen• - Jet printing. 
ftetallizings Operations - Electroplating - Vacuum metallizing -
Sputtering. 
Hot ataapiug 
Ea bossing 
Irradiation 
Application 
87ateaatic development of application 
Standards 
Waste 
Re(:7cling 
Cutting •ills 
Reprocessing lines 
Extruder screen changers 
Incineration 
Outlook 
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HIDH!NICAL ENGINEERING AND MOULD DESIGN (l1!11) 

R.Hillisch, H.Revesz 

Extrusion 

.. 

Extruder.Plants and -Dies: Pipe Manufacturing - Blown Film 
- Flat Film - Sheet Extrusion - Lamination - Wire - Covering 
- Pelletizing Plants - Monofilaments - Profile Extrusion 
Plants. 

Pre-Set Elements: Silos - Transporting Systems - Compounding 
and Reworking Machines - Mixers - Kneaders - Hills - Pre
heating- and Drying Equipments - Vent Systems. 

Elements of the Extruder: Classification - Function of Screws 
- F~eding - Designs of BRrels and Screws - Drives - Bearings 
- Heating end Cooling - Temperature Control - Helt Pressure 
Gauges - Die Adapters. 

Annexed Equipment: Sizing Dies - Cooling - Take off - Con
trol Devices - Signators - Preliainary Treatment -
Separating Equipment - Post Forming Equipment. 

Principles of Extruder Die Design 

Plants and Holds for Blow Molding 
Accumulators - Tubing Dies - Orifices - Clo~ing Units -
Blowing &}uipment - Severing Equipment - Ejection Equip
ment ·- Transporting - Blow Holds. 

Molding of Thermosets. 
Processing Techniques: Compression Molding - Transfer 
Molding - Injection Molding 

Machines: Semi-automatic Presses - Automatic Presses -
Mechanical - Hydraulic Presses - Compression- and Trans
fer Molding Me.chines - Plungers - Screw Plungers 

Additional Equipment: Dosing - Preforming - Preheating -
Finishing 

Molds: Open Flash Mold - Positive Molds - Split Molds 
- Transfer Molds - Runners and Gates - Transfer Pot and 
Plunger Leaders - Ejector Pins - Mold Heating - Types of 
Steel - Special Machining Molds. 

Design of Compression Molded Parts 
Requirements - Draft of Surf ace - Wall-Thickness 
Roundings and Rl.bs - Undercuts - Holes - Slots - Design 
of Threads - Metal Inserts. 

Injection Molding 
Techniques: Injection Molding - Injection Stamping -
Flow Molding - Moldin~ of Expanded Materials - Injection 
Blow Molding - Two Color Molding. 

L 

' ' 

Machines: ClAssificAtion - Technical Data - Injection Units ~ 
- Screw Plun~er - Nozzles - Closing ijnitA - Safety Devices. 
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Additional Equipaent: Material Storage - Transport -
Preheating - Drying - Mixing - D;Jeing - Cooling Equip
aents - Cutting Equipaents. 

Molds: Eleaenta - Design of Sprue, Runner and Gate -
Types of ftolda: Single Carit7, ftultiple Cavity, Three 
Plate, lour Plate, Split, Side Pull, Bot Runner, Calcula
tion - Deaign of Molds. 

PLAS~IOS APPLI<a1'IOB EIGTDIRTBG (PD) 

V.R.Jeaauig 

Plastics Survq 
Shearaoclulua t•perature function 
Plastic•, aateriala tor conatructiona 
Themoplutica 
Th•r110••t• 
Ooapoaita 
lqbric!Qa-teaa 
Long-ti.a• behaviour (atatic) 
Streas-atrain behaviour clepencling on t•perature 
teat speed and aoiature 
Econoaic aspects 
Plastic points, tolerance• 
Construction of aodela and protot71>es 
Baaic principle• tor aecbanical calculation 
Teaporan;r variable detoraationa 
Caracteriatic cliaenaional fU1U1tiona 



R>LYl1ER HIYSICS (PHI) 
H.Dragaun, H.ltwscbik 
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Denait7 Heasureaent 
Heasureaent of Helt Viscosit7 
Heasureaent of 1.-Yalue 
Heasureaent of Yiscosit7, Hwaber and Deteraination 
of Intrinsic Viacosit7 
Optical Hicroacop7 and Preraration 
Electron Hicrosco1»7 and Preparation 
iheraal Anal7aia 
DSC - Differential Sc•nnjug Caloriaeter 
THS - 2 iheraoaech•ni cal .1Da}7zer 
TGS - 2 ~ermograYiJletric Anal7zer 

CONTROL ENGINEERING (CER) 

F.Gregori 

Control Loop 

Controlled Systea: Time-Behaviour - Heating-zone as 
Controlled System 

Temperature Measurement 
Resistance Thermometer: Cross-Coil Instrument - Hoving 
Coil Instrument in Bridge Circuit (Deflection Method). 

Thermocouples 

Controllers 
Continuous Controllers 
Two-Position Controllers: Galvanometric Controller -
Chopper bar Controller - Controller with inductive Pick-Up 
- Controller with Photoelectric Scanning - Electronic Con
trollers - Thermocouple as Detecting Element - Resistance 
Thermometer as Detecting Element. 

Temperature Control 
Hunting 
Two Position Control with Feedback: PD-Control Behaviour 
- Thermal Feedback - Electronic Feedback - PID-Control 
Behaviour - Thermal Feedback - Electronic Feedback. 

·t 
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4.2.3 • .!!!!!!ral Lecture Notes (Practice) 

COMPOUND! lfG ARD CALANDRI NG (CC) 

H.Wolanek 

The Production-of PVC-Compounds by Heeter-Mixing 

Testing Methods for PVC-Coapounds 

COf1PUTATION ENGINEERING (CE) 
F.Mayer 

General Facts 
Structure of an Computer 
PrograJDllling Operations 
Connection with an EDY-Plant 

Practical execution of a ProgrBllDle at the Coaputer 
Other Possibilities of Application in Plastics Engineering. 

CONTROL TIDHNIQUES (CT) 
G.tliner:>vich 

Open-~~p-Control 

Voltage supply 
Standardized connection diagrams and symbols 
The Use of Instruments for measuring the Current, 
Voltage and Resistance 

Functional Description of a Reversing Contactor 
Combination Automatic-Control 

Definitions 

Automatic Control System and Block Diagram 

Transient Response of a Controlled Member 

Temperature Behaviour of a Barrel Zone Controlled by 
Two-Step Action Controller without Feedback 

Temperature Behaviour of a Controlling Member with 
Two-Step Action Controller and Feedback 

Electrical Methods for Measuring the Temperature 



EI'l'RUSION (El) 
H.Revesz 
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Production of Tubular (Blown) Filas 
Extrusion of Blown Double - Layer Filas 

Production of Sheets 
Production of Rigid PVC-Pipes 

Blow ltoul.ting 
Production of Polye~hylene Pipes 

FINISHING (JI) 
J.Saelik 

Electropluting 
ltaterials 
Part Design 
Moulding Factors 
Chemical Pretreatment 

FOMUNG (FO) 

H.Hubeny 

Classification of Plastic Foalls: Material - Stiffness 
- Cell ltorphology - Density - Density Distribution -
Fabrication Process 

Properties 

Processing: Expandable Bead Methods - Reactive Foall 
Moulding (Low Pressure - High Pressure - Mould Carrier -
Foaming Plant - Slab Stock Foaming) - Thermoplastic 
Foam Moulding - Foam Extrusion 

Polyurethane Technology: 

Polyurethanes (Isocyanate& - Polyethers - Polyesters) 
- Mould Materials - Practical Exercises. 

INJF.CTION AND COMPRESSION MOULDING (IC) 
H.Graf, R.Hillisch 

Introduction 

Adjustment or Processing Parameters. 
Influence or the Maas Temperature and Injection Pressure 
on Shrinkage and Macbanical Strength or Polystyrene Teat 
Bars. 
Testing or Per!oraance Properties or Standardized Panela 
made ot Expanded Thermoplastics with a varied injections 
Speed. 
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Tne Principles oi Process Control in inJec~ion Moulding 
Compression Moulding of Testing-Cups 
Determination oI Curing time (Stiffness) 

MACHINING AND FORHING (MF) 
E.Strohmeyer 

Machining: Cutting - Guillotine shears - Drilling 
- Screwing - Turning - Planing - Milling - Filing 
- Grinding - Polishing. 

Weldin~: Press-Welding - Hear-Impulsive Welding 
- High Frequency Welding - Hot-Gas Welding. 

F~rming: Bending - Whirl-Sintering - Vacuum Forming. 

Vor~shop - Drawings - Work Instructions. 

TESTING (PC, PP, QC} 

W.R.Jessenig, H.J.Fischer, H.Hubeny 

Part I 

Molecular Invvstigations 
Viscometry - iscosity number - Intrinsic viscosity -
k-value - Dietri~ution of Molecular Weight - Density 
and specific Volume. 

Structural Investigations 
Oscillating twisting test - Thermoplastics -. Elastomers -
Thermosetting Materials - Glass Temperature - Dynamic 
Glass Transistion Temperature (according to DIN standards)
r:el ting Temperature - Decomposition Temperature - Melt 
Viscosity and Flow - Flow - Rheology - Therminology -
Definitional Equations - Viscoelastic Behaviour - Measu
ring of viscosity in the capillary-tube rh~ometer. 

Stability Behavtour 
Permeation of Gases and Vapours - Mechanism of R Solution 
Diffusion - Gas Permeability. 

Mechanical Behaviour 
Short-Time Behaviour - Tensile Test - Measuring of Force 
with the Pendulum Force System - Electronic System for 
MeRsuring the Force - Electronic Force Measuring Head 
(Inductive) - Electric Force Measuring Sockets - Measuring 
of Elongation with the Mechanical Elongation Measuring -
Electronic Elongation Measuring - Evaluation of the Tensile 
Test - Temperature Dependenee - Dependence of characteristic 
values on strain rate in the Tensile Test - Compression 
Test - Bending Test - Impact 3trength Test - Impact Tensile 
Test - Hardness Testing - Dropping Test - Friction and Wear, 
BurRt Test - Internnl PrP.ssure Pipe Testing - Fundamental 
Principles - Wall Th5ckness MeAsurinp; - ConventionAl System 
- Sy st Pm DURAPIPE (ANGER) - Specimen End Fittings - J,ong-Time 
RrhAviour - Creepin~ TP.st. 



Optical Behaviour 

Photoelasti d. ty 
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Thermal Behaviour 
Determination of characteristic physical values - Dimensional 
stability under beet - Dimensional stability under beat 
according to Martens - Vicat Softening Point VSP -
~imensionsl Stability under Beet according to ISO -
Brittleness T~mperature ~eats according to DIN and according 
to ASTM - Shrinkage behaviour - Proof cf Orientation in 
P'loulded Parts - Classification of High Building 11ate .. ·ials 
accordinB to their Combustion Behaviour - General Fa~ts -
Executing of Test I - Evaluation - General Facts Test II -
Execution of Test II - Evaluation. 

Heat - and Sound Technology 

Thermal Conductivity - Steam Permeability - Thermal Insula
tion - Step Sound In~ulation - Air Sound Insulation - Degree 
of Accoustic Absorption - Dynamic Elasticity P'lodulus end 
Loss Factor. 

Electrical Properties 

Volu•e-and Surface Resistance - Tracking Resistance -
Polarization and Dielectric Constant - The polarization of 
an insulating material - The dielectric constant is a 
criterion for the amount of polarization of en insulating 
materiel - Dielectric Loss Factor. 

Part II 

Hardness Testing by the Indentation Test 
Dimensional Stability after Heat Storage (Shrinkage Test) 

Testing of Homogeneity 
Testing of Flammability 
Compression Test 
Tensile Test 

Part Ill 

Ultrasonics in Processing and Testing P'lat~rials 

Ultrasonics in the Processing of Semi-Finished Goods 
General Facts - Method - Sound Sources - Ultrasonic 
Rivetting - Ultrasonic Embedding. 

REINFORCED PLASTICS (RF) 

R.Hubacek, W.R.Jessenig 

Technology 
Reinforcing P'laterials 
Types of Plastics 
Practical Hints of Processing 

I 
l 
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4.Z.4. Special Lecture Notes 

The objective of the special lecture notes is to inform on 
new developments in processing, ap~lication, recycling and 
quality control of plastics technology at a higher 
comprehensive level. 

DATA CONVERSION IN INJ~TION MOULDING 
H.Graf, F.Mayer 

General Remarks 
Measuring Pressure: Piezoelectric Transducer - Charge 
Amplifier. 

Measuring Temperature: Fluctuation Compensation - Temverature 
Sensors - Preheatable Thermocouples - Plotter System 

Measuring Fr~nt Flow 

Measuring Distance: Inductive Measuring Sensors - Carrier 
Frequency Amplifier 

Computerised Measuring: Digital Voltmeter - Interface -
RS 232 Interface - System Computer 

QUALITY CONTROL AND DAMAGE ANALYSIS BY 
MORPHOLOGICAL METHODS 
H.Dragaun 

Introduction: Definition of Quality - Increase in Quality -
Technological Problem - Continuous melt viscosimetry -
Pol~ropylene Pressure Pipes - Morphology 

Morphological Methods: Optical Microscopy - Electron 
Microscopy - I-ray Diffraction - Wide-Angle I-ray Scattering 
(WAIS) - Small-Angle X-ray Scattering (SA.XS) - Thermoanalytical 
Methods - Calorimetric Methods - Dilatometric Methods -
Spectroscopy - Infrared Absorption (IR) - Electron Spin 
Resonance (&SR) - Nuclear Magnetic Resonance (NMR) 

Practical Application in Damage Analysis: 
Crack Formation in Polyethylene (PE)-Pipa - Irregular 
characteristics of Polyethylene (PE) sheets during finishing -
Different Abrasion Characteristics of a Polypropylene (PP) 
Drive-Component - Differentation of Polyblends in various 
Polyethylene (PE) types - Different Fracture Behaviour of 
Polypropylen/Polyethylen Copolymer - Fracture in a Moulded 
Part (fitting) of Rigid Polyvinylchlorid (PVC). 
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QUALITY CONTROL OF GRP PIPES 
W.R.Jessenig 

Designation 
Company Control: Resin Control (Purity - Viscosity -
Solid Body Cont~nt - Gel-Time - Reactivity - Therm;J 
!)tability) 
Textile-Glass Test (Fineness of Strand - Humidity - Rod 
Bending Test) 
Filler Control (Resin Ab~orption - Sieve ~nalysis) 
Reactant Control 

Production Control: Regular Production Con~rol - Choice of 
Epecimens and Test Frequency - Requirements - Test Procedure 
- Gel-time - Wall thickness 
Random Production Control 

Acceptence Control 
~ternsl Control: Teat Volume - Recording - Designation -
Condition at Delivery - tteasurements - Pipe Stiffness -
Longitudinal Tensile Poree - Circular Tensile Force -
Choice of Specimens - Expertise and Test Report. 

NEW RURAL APPLICATIONS OF PLASTICS 

H.ttuschik 

Introduction. 
Protection of Plants by Bets. 
Foils in Agriculture: Introduction - Flat Foils -
"ttulch-Foils" - Plastic-Covered Tunnels - Foils for Sealing -
Recycling of Foils - Greenhouses. 

Containers for Plants. 
Non Wovens for ttulch~Technique. 
Irrigation: Introauction - Spray Tube - Sprinkler 
Irrigation Plants. 

Waste Water and Drainage: Waste Water - Drainage. 

Heating of Greenhauses. 
Storage of Agricultural Products: Storage of Wood - Storage 
of Fruit and Vegetables in Foils - Storage of Frliit~and 
Vegetables in Sacks - Storage of Liquids and Food. 

Coating. 
Technological Transfer. 
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ENVIRONMENTAL .ASPB:!TS OF PLASTICS T~HNOLOGY 

E.Wogrolly 

Introduction. 
UN-Activities in the Field of Environmental Protection. 
The Environmental Impact of Plastics: 
Air Pollution: The Properties and Effect of Pollutants -
Ozone, it3 possible biological Effects and Reduction in the 
Atmosphere - MAK-Values 
Formaldehyde OCor and Health Problems within Residences: 
Toxicity of Formaldehyde. 
The Vinyl Chloride Problem. 
Waste Water Treatment. 
Some Aspects of Waste Disposal: Plastics Wastes in the 
Solid Wastes Steam - Reclaim, Recycling and Reuse of 
Plastics - Recycling Mixtures of Plastics - Separation of 
Plastics from mixed Refuse - Biodegradation - The ~echnology 
of Biodegradable Fillers - The Competiveness of Plastics 
with traditional Materials after the 1973 Oil Crisis. 

4.Z.5. Research Papers 

~he objective of research papers is to offer information in 
the field of polywier ocience and technology of LKT-TGM at 
applied research level. 

DATA CONVERSION IN T~HNOLOGY AND MORPHOLOGY 

Extrusion: 

New Possibilities of a Cascade Control of Extruders by 
Means of a Torsion-Sensitive Screw Tip - Continuous 
Measurement and Control of Viscosity throughout the 
Extrusion Process - Novel Systems for Viscosimetry of 
Polymer Melts and Solutions. 

Injection MoulJing: 

The Principles of Process Control in Injection Moulding -
Degassing of Plastics Materials on Injection Moulding 
Machines. 

Morphology: 

A Comparison of Cri·tical ~longation as Determined by the 
Ball Indentation Method and by Creep Test on Injection 
Moulded Rigid PVC Test Specimens - The Technology and 
Morphology of Polypropyle Pr&ssure Pipes - Microfibrils in 
Brittle-Fracture-Surfaces on Isotactic Polypropylene at 
4.2 K - Shear-Induced B-torm Crystallization in Isotactic 
Polypropylene. 
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POLYUHETHAN ST~UCTURAL FOAMS 

Non-Destructive Determination of tbe Density Profile in 
Polyurethane Str·uctural Foams - Measuring and Influencing 
of the Density Distribution in Polyurethane Structural 
Foams - Statistic Examination of Cell Size Distribution 
in Polyurethane Structural Do81ls. 

REX::YCLING 

The Behaviour of Household Refuse containing PVC in 
Incinerators. 

., 
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4.3. Special Lectures 

20 October 198': 

31 October 1983& 

8 Boveaber 19831 

18 Bov .. ber 1983& 

Hr.Kaaiuki 
Chelli.sche Verke ltiinchen,Ot'to Birlocher 
Gea.a.b.H. 
Stabilizers tor PVC-extrusion and 
iDJection aouldiDg processing 

Dr.O.Abu Z~d 
Director General ot PDC-Aiexandria Egpt 
Plastic Developaent Cen'tre 
Plutioa in agriculture 

Hr.A.Schatzachock 
Elvaa Comp&JQ' 
Manufacturing ot Elna-tile and 
application 

Prof .Dr.Benunm P .Mark 
Progreaa in Po}7aer Science and 
~echDolog 

.;.-.: ·.·.· 

i!;;:;;;JJI!ii!r: .. : 

·.· •. ·,,;~;4~;;:;';$";1 ; ; .. ,.._ 
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6. Staff for the Training Prograaae 

Principal of TGft: Hotrat Dir.Dipl.Ing.Dr.techn.F.Plocki.nger 
Director of IKT-TGK: AV Dipl.Ing.Dr.techn.H.Bube117 
Deput7 Prcgruae 
Director: !Dg.R.Hillisch, Ing.W.Hichel 
Organisation Comaittee: 

Lectures: 

AV Dipl.-Ing.Dr.tecbn.H.Hub~ 
Prot.Dipl.-Ing.Dr.techn.E.Wogroll.y 
Ing.R.Billisch 
Ing. W .lti.chel 
Asa.Ch.Fabiankovitsch 
B.DOrr 
H .Braunsteiner 

FOL F.Beran 
Prot.Dipl.--IDg.Dr.techn.B.Dragaun 
Prot.IDg.Dkta.H.Graf 
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Prof .'Dipi. -Ing.Dr. techn.E. Wogrolq 
Prot.IDg.Hag.H.Wolanek 

Assistance and Preparation: 

FOL H.Bitachnauer 
FOL K.Blazek 
B.Braunateiner 
St.Biichinger 
B.DOrr 
Asa.Ch.Fabiankovitach 
Asa.Igg.Hag.P.Freisler 
FL G.Frqer 
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Ing.H.Scheraann 
FL H.Seitert 
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7. Plant visits 

To the special interest of the participants 13 plant visits 
during the six-week course in Austria vere organized b7 
LKT-TGtt. ihe selection ot the plant according to the interest 
ot tbe participants gave a regional and technical survq on 
the Austria plastics i.Ddustr;rs 

BA'rTEBFELD Kunstatof.taaachinen 
Ges.a.b.H. 
Wr.Beustidter-Stra8e 81 
2542 Kottingbrunn 

CHEHIE LUIZ .lG 

St.Peter-Stra8e 25 
4021 Linz 

CIBCIHlilTI ffiUCROB .lUSTRll 
Laxenburger StraBe 'Z/6 
1232 Vien 

COUDEBHOVE Ges.a.b.B. 
Gorakigaaae 15 
1230 Wien 

LUDWIG ENGEL KG 

4311 Schvertberg 

FEP.LA-HIRSCH 

Wiener Stra.Be 113 
2?00 Wr.Beustadt 

GABRIEL CHEMIE 
Stipcakgaase 6 
1234 Vien 

lliLVIC 
5400 Ballein 

Injection moulding 
equipaent, blow aoulding 
machines 

PE, PP--OoapoUDda 
Staple Pibres, rll.118, 
Plaatics-Processinga 

Twin Screw Extruder, 
Dies, Dovn-Str•-
Equipaent 

Reaction injection 
moulting ot GUP 

lJ1.1ectio~ Moulding 
ftachinea, Mould !laking 

PE, PP fila blowing, 
finishing, welding 

iheraoplaatic aaaterbatches, 
coloration, foraulationa 

PVC rav aaterial 
production 

'I 



IF\1-Hanfred Otte 
i7hrnstraBe 73 
4563 lticheldorf 

IBTERJl>RK Ges.a.b.H. 
Ganglgutstra8e 1~1 
4091 Oedt 

&UE & &UE 

89?4 Handling 

POLOP.LlST 

PciloplastatraSe 1 
4060 Leonding 

KAHL \IF.SS OHG 

Wiener Stra8e 54-56 
2640 Gloggnitz 

32 

Moulds, dies 

PVC window profiles, 
windows 

Moulded foaa, slabstock 
toaa, special. purpose 
machines 

Pipe Extrusion1 Injection &ulCling 
Pipe and Fittings ~ateas 

Mould- and Die~ing 

Individual plant visits have been arranged ~..o 

OS\IAG~sterr.Schiffsverft9 ~G 

DerfflingerstraBe 15 
40-z? Linz 

CHElUEF.!SER LEHZIBG AG 
4860 Lenzing 

REICHHOLD CHEMIE .lG 
BreitenleerstraBe 97-99 
122C Wien 

P.lRA-cHEMIE 

H::gtstra.Be 53 
2 Gram.atneuaiedl 

Ertrllders, down stream. 
equim.pent 

Strech film. equipaent 

l'licroscops 

PHtl! casted sheets 

i 

i 
J 



~. Equipment for the Training ProgralDDle 

ALPINE, BRD; Extruders 
AVL, Graz; Electronic Control Systems 
BATTENFELD, BRD; Injection Moulding and Blow Moulding Machines 
BATTEUFELD-KUHNE, BRD; EYtruders (actually: Kuhne GmbH,BRD) 
BAUER, Schweiz; Measuring Instrument$ 
BOY, BRD; Injection Moulding Machines 
BRAB~NDER, BRD; Plastograph 
BRENSON, USA; Ultrasonic welding 
BROSA, BRD; Control Instruments 
BRUELL & KJAER; Acoustical Instruments 
BUCHER-GUYER, Schweiz; Presses 
CHURCHILL, England; Water and Oil Circulating Controllers 
CINCINNATI MILACRON, Wien; Extruders 
COUDENHOVE Poly-Spray, Wien; Spray-Up Machines 
DEJ1ES, BRD; Pre-Treatment Instruments 
ENGEL, Schwertberg; Injection Molding Machines 
FRANK, BRD; Testing Equipment 
FUCHS, Wien; Mills 
GOERZ Electro, Wien; Instruments 
HAGEDORN & BAILLY,BRD;Water and Oil Circulating Controllers 
HARTMANN & BRAUN, BRD; Control Systems 
HASCO, Wien; Moulds 
HENSCHEL, BRD; Mixers 
HONEYWELL Bull, Wien; Time Sharing 
HOTTINGER, Wien; Torque Measurement Equipment 
JOENS, BRD; Control Systems and Recorders 
JUMO, M.K.Juchheim, BRD; Control Instruments 
ILLIG, BRD; Vacuum Forming Machines 
KIEFEL, BRD; Film-Extruder 
KRAUSS-MAFFEI, Injection Moulding, Foaming, Extrusion, 

Recycling 
L()DIGE, BRD; Mixer 
BATTENFELD Kunststoffmaschinen Ga~B., Kottingbrunn; 

Injection Molding 
HEDEK & SCHORNER, Wien; Signator (Marker) 
METRAWATT, BRD; Control Systems 
NETSTAL, Schweiz; Injection Molding Machines 
PERKIN-EU1ER, USA; Analytical Instruments 
PHILIPS, Wien; Control Systems and Recorders 
FOLYROLL, ERD; loaming Machines 
PVL, Waldbreitbach (Austria); Electronic Equipment 
PWF, DDR; Presses 
SCHLUMBERGER, Wien; Electronic Equipments 
STAIGER & HOBILO, BRD; Instruments 
STOUGAABD, Danemark; Instruments 
TIEDEMANN, BRD; Optical Instruments 
TROESTER, BRD; Calenders, Roll Mills 
UNILABOR, Wien; Electronic Equipment 
VEB Werksto!fpriifaaschinen, DDR; Testing Equipment 
VIKING, UK; PUR-Poaming Machines 
WITHOF, BRD; Control Systems 
ZWICK, BRD; Testing Equipment 



11ent SID Pro UUDe 

9.1. Objectives 

To increase the etticienc;y of the 14th TrainiDg Proorume 
it will be usefUl to continue the contacts between partici
pants, institutions, companies and authorities. One tacilit;J 
besides contracts between institutions is a taylor-made re
search progr&Jlllle for candidates to help them solve their 

problems in plastics technologJ. 

LK.T-TGM have had considerable experience in conducting post
graduate research progr8.lllllles in German language, especiall;J 
!or participants from various institutions in Austria. We are 
now interested in extending this experience to include post
graduate 6ID-progr8.lllllles conducted in the English and French 
language tor foreign participants. The success of the first 
arrangements encourage us to take on more participants on a 

similar basis together with UHIDO. 

The programme is planned as a professional tuition b;y 
development work in a specific field of plastics technology 
including theoretical introduction, project work, plant 
visits, individual contacts with national and international 
organizations, companies and other institutes, educational 
training, publications, membership of the Austrian Association 
!or the Promotion of Plastics Technology (GFKT). 

9.2. SID-Programme in Brief 

Detailed fields 
of stu~ 180 Prujects in Procedure Engineering and 

Control Engineering (Injection Moulding, 
Extrusion, Foaming, Conpounding, Forming, 
Casting), Plastics Application (Mechanical 
Engineering, Electrical Engineering, igri

cul ture, Ecotechnology, ttari ne Technolog, 
Transformation and Storage of Energ, 

L 



Conducted b7: 

Address: 

Adais&iOJlS 
requireaentas 

Language: 

Locations 

Tuition tee1 

35 

Bioaedi~al ~ppli~atiuu}, 

Colltrol), Po~r-Bqsics (I-Bq diffraction, 
Electron llicroscow, DSC), Po}7aer Cheaistr;y 
(Anal7sia), Environaental Tecb.DologJ 
(Reqcling, Re-use of Waste and Litter, 
Coabuation, Protection), Training TechDologJ, 
Research ftanageaent. 

Laboratoriua tUr KunatstotttechDik LKT-TGft 

YieDD& 

A-1200 Vienna, Wexstrde 19-2~, Austria 

B.Sc. or equivalent in a scientific tacult;J 
and research experience 

English, Geraan (:Fr8Jlch, Spanish partq) 

Yiemia 

UBIDO 

Coaencing date: to be arranged 

Durations 

Deadline tor 
enrolaents 

to be arranged 

two aontlB in advance 

Thia SID-Progrewae ia organized b7 Laboratoriua tiir Kunat-
s tof ttechnik IKT-TGft ot the .laaociation tor the Promotion ot 
Plastics TechnologJ (Gi'KT) in co-operation vi.th the United 
Hationa Industrial Developaent Organization (UBIDO). 

Hochfellner Hausmusik 
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