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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
VIENNA INTERNATION.\L CENTRE 

P 0 BOX JOO. A-t"JO \ilEN'A AuSTR!A 

TELEP>IONE 26 3:0 TE~~GRAPrl1C AC::;>ESS U"'!DO '. IENN.\ TELEX tJS6t2 

Background and Objectives 

1. The programme in the field of plastics technology is one of a 
series of the United Nations Industrial Developement Organisation 
(UNIDO) activities on specific sectors of industry which is being 
organized for the develaping countries through the Chemical 
Indu~tries Branch. This "In-Plant Group Training Programme" has 
been implemented annually since 1970 through a special contrib
ution of the Government of Austria to UNIDO. The implementation 
of the 1986 programme as well as the previous ones has been 
successfully conducted by the Laboratorium fur Kunststoffte~hnik 
LKT-TGM (Laboratory for Plastics Technology). 

2. The trend of training activities in the field of plastics 
technology is characterized by the increasing sophisticated nat
ure of the programme requiring high level experts, ~onsultant;, 
and specialized equipment for the workshop. There is also an 
increasing demand for visits to plants, companies and institutes 
which are advanced in their field of spezialisat1on. Group ais
cussion to deal -.. ith specif1.- :..~chnological problems in :nanufac
turinq and application is ~iso an i:nportant f~ature o~ current 
training activities • 

J. Plastics are alrbady one ot the world's main groups of ind~s
trial materials. World plastic consumption is now greater than 
that of all non-ferrous ~etals in terms of weight and of steel in 
terms of volume.The numerous uses and applications of plastics 
which are still increasing, have caused this industry generally 
to gro~ at a fa~ter rate tnan most branches o~ manufacturing 
industries and to contrioute in grow1nq proporti~n economy. 

4. The demand for plastics materials is steadil/ qrowinq at a 
v~~y high rate and this situation is expected to continue in the 
fut11rE:. f.nqin'!er in9 pL:i~t. ics wi 11 find many :-ie"'' applications rind 
replace tradit~onal materials. I:rportant f;.ctors in the res•· 11 

and development activ1ties · .. 1~1 he the drive to save ener•n ... d 

fe0dstoc~s. Plastics allow for ~ lar9e potential of energy sav
iriq, partly hy replacing traditiona1 heavier materiills and partly 
by reduc1ns the use of enerqy in the various production processes. 

5. Through th~ acquisition of technological know-how anrl skills 
in the field of mould desir1n anr1 mould makinq, the plastics 
industry coulrl lC~ieve further development. The lack of experi
enced personnel ~n tnis field in the developing countries and the 
need to aqu1re arid exchange experience, are the main reasons for 
the organizatio~ of this programme. Its aim is also to bring 
together a group of selected perso~s whose work is expected to 
benefit from a ~oncentrated traininq programme which otherwise 
could require a long period of training, research and development 
work. This &ssistance to the developing countries in the develop
ment of their plastic ind4stry and the development of manpower ir. 
in accordanc~ with items i, ii and k of Article 58 of Lima 
Declaration and Plan of Action as well as in line with the New 
Delhi Declarition and ~lan of Action and the Fourth General 
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6. The programme is desisned as a group training course ccvering 
the whole field of modern plastics technology at an industrial -
not academic - level including 

- Theory (Pienary Session) 
- PracLice (Small Group Work) 
- Seminar (Small Group Discussion) 
- Special Topics (~ractical Experiments, 

Small Group Work) 
- Problem Solvirg (Group ~oderation) 

7. The programrr:e has received the support of the Austrian Fed
eral ~inistry for Foreign Affairs, the Austrian Federal Ministry 
of Education and Fine Arts, the Austrian Federal Economic Chamber 
and Association an:: I:-!dt:strialists. 'i'he Laboratoriu:n f;_}r Kunst
stofftechnik LKT-TG~ (Laboratory for Plastics Technology), a 
leadi~1 tec:"!noloqical institute, will conduct, utilizing its 
facilities, tr.e theoretical and practical training in plastics 
technology. The institute has a staff of P.ighly qualified spe
cialists. 

;; i nee l ')7 1J 
tot :i 1 o t J!; -i 

LKT-~~~ hold sevcnte~n pro0ramnes 
part1~ipants tro~ 77 countries. 

i·\1::- !~.) 5 t (i-'_;) 1 !)() }}', 

:0! l 'L;: e ;:,l;; ":. / 
. :or t:-i ;, fr 1 ca (:·.::) 7 /. 24 i: 
Latin ,\;r.e r 1 ca (LA I ;)d 22·~ .. 
I\. rica (AF) lit. 14 '-
;·:uropr! (!·:U) 23 7 ·~) 

with a 
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3. PARTICIPANTS 

3.1. Participants financed from AUSTRIA 

COUNTRY 

ilurma 

Chile 

cnina 

Colombia 

Ethiopia 

Guinea 

I r.:iq 

NAME 

HTAY 
Daw Kyin 

ORTIZ E. 
JE:SUS 

~iANG 

Zian >·ien 

BEYE?.. 
Carlota 

SHIFERAW 
Worku 

IJAH 
Thierno t\madou 

S,\:)!i'° 
R 1 ·;,;rih J.l ff ar 

d(j:•! .J<) 

iic1 n 

' , ~ ( ) •'J : ' • I : 

., 

. ,,.,;', .. 

: ~ L~ Jr< tJ~·1t~/-. 
:;cJwr1rc1 v,,r,n•:t h 

CONTACT ADDRESS 

Heavy Industries Corp. 
370,G.PO.Rangoon 

TECFIP 
San Andres 4472 
Pob.8uzeta, Santi~go 

SINOPEC 
P.O.uox 1429, 
8eiJin9 

ANDERCOL S.A. 
APTdG.Aereo 2065 
~iedel l ir. 

National Chemical Corp. 
P.O.uox 5747 
Addis Ababa 

Guinean Company u! 
Plastics ( S(J,;UIPL/,ST) 
uP 63 bis Conakry 

Asbestos & Plastic 
r:nt;:,rpr l Sf! 

P.O.Box /41H 
bar;hr!a '1 

Tn:~t l ~~.r1.~ er :: l·;L 

:·!nl;~c1;l.1r ·-~:'";t:~'.: :;~ ·~· 

: irt ;r1 r; ·;ur .'; 

!-',s:-1<::. t:.:~·; ..- .: :,': !"'" 

. ; t'f.J r-r .. s ~ r.,: ? ,,. -- ... 

t',•"·: ·.t ::. ;··.·.· :.r 
: 1:--

... · .. ·.: 
• r: 

::r.1 r) :'rjr)t nt.r·.~~::. 

i; .. r;.:·.r;z ','H,1 
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Venezuela ROSALES Simon Bolivar U~iversity 
Ca:-men Valle de Sartenejas, 

Baruta APD0.80659 
Caracas 

Yemen PDR i<ARIM Algundi Plastic ~ctory 
Mohamed P.O.Box 4206, Aden 

Zambia SUNGA Norgroup Plastics Ltd. 
Kenneth P.O.Box 240087 

Ndola 

3.2. Participants financed from UNDP/UNIDO Projects and 
self financed 

Argentina 

Argentina 

ilangladesh 

Saudi Arabia 

Saudi Arabia 

Thai land 

ARTURO PIPPINO 
Arturo 

MORI 
Raul 

[!:\IDER 
Shahiduddin 

ALDOUS 
Abdul :.:ohsen 

AL-LAl\!30N 
~lo hammed 

SUTHJl.~·;u!<UL 

Sya:nra th 

Direccion Asesoramiento 
Tecnicos 
Salta 2752 , 2000 Rosario 

~-~eccion hsesoramiento 
"''"·cnicos 
Salta 2752, 2000 Rosario 

Plastics Tech.CTR.BITAC 
Tejgaon I.A., Dhaka 

Saudi Basic Industries Corp. 
(SABIC) Research Dept. 
P.O.Box 5101, Rigadh 11422 

Saudi Basic Industries Corr. 
(SABIC) Research Dept. 
P.O.Box 5101, Rigadh 11422 

Siam Fibre Cement Company 
Pip~ Gusiness Division 
39/3 Sanambinnam Rd, 
r:ondnburi 11000 
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4. STAFF 

Prinzipal of TGM: Hofr~t Dir-. Di pl. Ing .Dr.F. ?lockinger 
Director of LKT-TG~: Abteilungsvorstand Dipl.Ing.Dr.H.nubeny 
Assistant Proqramme Director: Ing.W.!-!ichel 

Organization Committee: 

Lectures: 

AV Dipl.I~g.Dr.H.Huberyy 
Ing.w.:Uchel 
St~ Ing.R.Hillisch 
Ch.Fabian~owitsch 
B.Dorr 

FOL F. Bera>l 
H.uraunstciner 
_Prof.Dipl.Ing.Dr.H.Dragaun 
Prof.Dipl.Ing.H.~lmecker 
Prof.Ing.Dkfm.H.Graf 
Sta Ing.R.Hillisch 
AV Dipl.Ing.Dr.H.Hubeny 
Prof.Dipl.Ing.Dr.W.~.Jessenig 
Prof.Dipl.Ing.W.Mahr 
Prof.Dipl.Ing.Dr.F.~ayer 
FL Ing.F.r-tennerstorfer 
Prof. Di pl. Ing. Dr. H.:·tus::hik 
FOL Ing.G.Minarovich 
Inq.M.Radax 
h.Reves.: 
H.~ichter 
Ing.H.Sch< . :nann 
FOL Ing.E.Strohmayer 
FL Ing.E.WeiB 
Univ.Doz.Dipl.Ing.Dr.E.Wo~rolly 
Prof.Ing.Mag.H.Wo!anek 

Assistance and Preparation: 
FOL F .Beran 
OS~ FOL K.Blazek 
H.Braunsteiner 
St.Buchinger 
a.Dorr 
FL G.Freyer 
FL E.Jahn 
H.Lahner 
Ass.P.Liptak 
FL Ing.F.Mennerstorfer 
Ing.W.Michel 
Ass.H.Mithlingcr 
A.Rcvesz 
11. l<ichter 
Ing.fl.Schermann 
FL t1.se;fert 
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5. SUBJECT LIST 

5.1. THEORY (Plenary Session) 

Technology Transfer and Development 
Trends in Polymer Chemistry 
Trends in PolyAer Physics 
Princi~les of Plastics Technology 
Principles of Mould Design 
Principles of Control Engineering 
Plastics Application Engineering 

5.2. PRACTICE (Small Group Work) 

Compounding 
Computation 
Control Ii :ig 
Extrusion 
Finishing 
Foaming 
Injection and Coffipression Moulding 
Machining and Forming 
Mou1d Making 
Polymer Chemical Analysis 
Polymer Physical Analysis 
Quality Control 
Reinforced Plastics 
Trouble Shooting 

~.3. SEMINAR (Small Gro~~ Discussion) 

Plastics in Agriculture: 
Water Management 
Cultivation 
Packaging 
Plastics Recycling 

Special Topics: 
Quality Control 
Polymer Science 
Injection Moulding 
i::xtrusion 

Hours 

2 
6 

10 
10 
10 

4 
6 

6 
10 
10 
12 

4 
6 

12 
6 
2 
4 

10 
8 
4 
2 

8 

8 

5.4. SPECIAL TOPICS (Practical i::xperiments, small group work) 

Quality Control 
Polymer Science 
Injection Moulding 
Extrusion 

5.5. PROBLEM SOLVING (Group Moderation) 

Moderation 

Total: 172 hours 
===·==·===:":•==== 

d 

4 
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6. LECTURE NOTES 

6.1. DESIGN OF LECTURE NOTES 

The lecture notes have been adapted and developed in accordance 
with UNIDO, with the participants and with the experience of 
fiften programmes since 1970. 
To meet the general, practical and theoretical needs of the 
participants three levels of comprehensive information are offert 
at 1263 pages in forra of 

- general lecturP. notes (1034 pages) 
Saechtling (International Plastics Handbook) 

- special lecture notes ( 279 ~ages) and 
- research papers ( 72 pages) 

For this programme t~e following lecture notes have been edited 
or revised: 

Polymer Chemical Analysis (49 pages) 
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6.2. GENERAL LECTURE NOTES (Theoretical Int~oduction) 

TECHNOLOGY TRMOSFER AND DEVELOPMENT 
H.Hubeny 

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

Principles of Development: 
Historical •·!o<iels - Develo9ment Analysis 

Technology Transfer: 
Assumptions- Definitions - Concepts - Cost of Technology Transfer 
- Characteristic Stimul- and Barriers - Effects 

Documents: 
Code of Conduct - OCCi..l Classification - National Paper of Austria 

Models of Execution: 
Macro-Level Conditions - ~icro-Lev~l Conditions - Plastics Tech
noloqy - Plastics Development Activities 

Personal uuestions 

PLASTICS CHF.MICAL TECHNOLOGY 
E.Wogrolly 

Classification of Plastic Materials 

Formation Reactions 

Functionality 

Polymerization Reactions: 
Addition Polymerization (Free radical mechanism - Ionic mecha
nism) - Condensation Polymerization - Copolymerization - Auxilia
ry ~aterials for Polymarization 

Physical uehaviour of Plastics 

Seconoar-y t1onc1s: 
Dispersion Forces - Dipolar-orientation Forcr•s - Glass Transition 
- urittle Point - Elastomeric State 

'.i'hermopla~;t i cs: 
Polyolcfines, Polyethylenes and Copolymers - Degradation of Poly
ethylene-Polypropylene (PP)-Modified Polypropylene-Copolymers 
with Ethylone (EPM and EPDM) - Polybutene -1 (PB) - Polyisobuty
lene (PIB) - Pnly -4-methylpentcne -1 (PMP) - Unsdturated Poly
olcfines - Trends in Hescarch and Developroent 
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Polyvinylchloride (PVC) and Copolymers - Plasticized PVC - Modi
fied PVC - Compounds (Blends) 

Polystyrene (PS) and Copolymers - Expanded Polystyrene (EPS) 

Acrylics - Polyacrylonitrile (Barrier Plastics) - Polyacrylates -
Polymethylmethacrylates (PMMA) - Polymethacrylimides 

Polyethers - Polyoxymethylene (?OM) - Polyethylenoxide (PEO) 

F-Polymers - Polytetrafluorethylene tPTFE) - Polytrifluorchloro
ethylene (PCTrE) - Copolymers 

Silicones - ~-1ethylpolysiloxanes-Phenylpolysiloxanes (PSI) 

Polyamides (PA) 
Polycarbonates (PC) - Polyterephthalates 
leneoxides (PPO) - Polysulfones (PSU) 
(PPS) - Polyethersulfones (PCS) 

Thermosets: 

(PET, PBT) - Polypheny
- Polyphenylenesulfides 

Phenol/Formaldehyde gesins (PP) - Urea/Formaldehyde Resins (UF) -
Melamine/FormaldehydP Resins (i-tF) - Unsaturated Polyesters (UP) 

Polyepoxides (EP) 

Polyurethanes (PUk) - Diisocyanates-PU Elastomers-Relations be
tween Structure and Properties of ?UR-Manufacture and Pro~erties 
of PU1{-Foams 

fligh Temperature l{esistant t>olymers: 
Polyimides (PI) - Polybenzimidazole - Polyimidazopyrolone (Pyron) 
- Polycyclobutadien~ 

Flame Retardancy of Polymeric Materials 

Auxiliary Chem~cals 
Health Hazards and ·1'o:r.icity 

Uegradartion ana ~tanilization 

I::nvironrnental Behaviour of Plastics :·taterials 



PLASTICS PHYSICAL TECHNOLOGY 
H Hubeny 
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Plastic'- Technology: 
Po::.ymers - Cycle Process - :-todel :-!atrix - Quality - Technological 
States - Conversion Processes 

Molecular Structure; 
Descript i.ori - Line<lr Macromolecules - Cross-linked :-tacromolecules 
- Thermodynamics of ~-:olecules - Degradation of Molecules 

Su?ramolecular Structure: 
Molecular /,rrangement - A;:aorphous Structure 
Structure -

- !·teso:norphous 

Crystalline Structure 

Rheology: 
Definition - ¥lasticity - Viscosity - Viscoelasticity 

Polymers: 
Classification - Designation - Survey - Standard Thcrmopla5tics -
Engineering Thermoplastics - S~ecialty Thermoplastics - Thermo
plastics - Thermosets - iligh Temperature resistant Polymers 

Additiv~s: 
Efficiency - Antioxidants - Light 

- Enhancer - Colorants - Flame 
biostabilizers - Blowing Agents 
- Plasticizers - Lubricants 

Compatibility and 
Heat Stabilizers 
Antistatic Agents -
Agents - Activator3 

Stabilizers -
Retardants 
- Nucleiating 

Compounding: 
Terms - Particle Size Reduction - ~ixing - Pelletizing - Com
poundinq Parameters 

Continuou~ Proccssinq: 
Classif 1cation - Continuous Casting and Laminating - Calandering 
- I::xtrus1on 

Ui.scont1nuous ~roce~sLn1 (~oulain~): 
Cl)s;,1fic<.1tion - L1r~u1d i>hase :-toulciwf - Compression :·~OL'l'llnq 
Transf•;r t·!oul(jinr; - InJr;ction :.:0ul-J1;,q - ~Jo·..,. :·!ouldinrJ 

fabricdt1n~ of ~nmi-f1n1sned Gooas: 
T<::c~n1c<Jl !'<!r::i;, - :-t<1ch1r.int.J - l·C',rmin'J - /,;,;,r;r;i;,l·; - ::er,ardt1n•J 

f1n1;.h1nr1: 
Pa1ntinr; - r·r1nt.1nr1 - :!"='t;Jlliz1n'; - !ht !;t:d::ipin·i - 1·:mbo:>siw1 
r r r "1 ri 1 ..1 t 1 r, n 

/,pnl ll':dt l rin: 
~;y::tr:m .. it ic !Jr!vr;l0p:·,r·:1t ,.,~ 1\pfol ll'>1t ion - :;tdndiird:; 

,,,J ;; t ,_. 

IU!Cyc 11 O'j: 

1::qu i rrnr:n '· 
r:hanrinr:; -

- Cutt1nr1 mi 11:; - !u;pro<:<!:>:>inq Linr1r; - 1·;;.ctrurl,!r ~;crn,:n 

Incinnr~t1on - Outlo~k 
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PLASTICS MECHARICAL ENGINEERING 
R.Hillisch, H.Revesz 

Extrusion: 
Extruder Plants and -Dies - Pre-set Element:s - Elements of the 
Extruder - Annexed Equipments - Principles of Extruder Die Desi•.n 
- Plants and !·toulds for Blow Moulding 

Moulding of Thermosets: 
Processing Techniques - Machines - Additional Equipment - Moulds 
- Design of Compression Moulded Parts 

Injection Moulding: 
Techniques - !·lachines - Additional Equirments - Moulds 

MOULD DESIGN 
R.Hillisch 

General: 
Injection :-tould - Classification of Injection :-toulds - Methodical 
Mould Design - Size of :·~ould - Flow Path/Wall 7hickness Rate 
Number of Cavities - Arrangement of Cavities 

Feeding: 
Sprue Design - ~unner Design - Gating - Pin Gate - Edge Gate 
Sprue Gate - Film Gate - Diaphragm Gate - Ring Gate - 'l'unnel Gate 
- Sprue Puller Pin Gate - Ante-Chamber Type Pin Gate - Sprueless 
Moulding - Insulated Runner - Hot Runner 

POLYMER PHYSICS 
H.Dragaun, ff.Muschik 

~orphological Structure: 
Structure and Morphology - Models of Crystalline Structure 
E:.cpressions of Crystallinity - Experimental Methods 

Differential Ther~al Analysis: 
Introduction - Application of UTA - Principles of OTA 
Evaluation of OTA Curves - Caloric Informations - Thermometric 
Information Applications - Physical Transitions - Chemical Reac
tions 
Concluding Rc~arks 

PLASTICS APPLICATION ENGINEERING 
W.R.Jessenig 

PI istics Survey 

;;h~ar:nodulu:> Temperature Function: 
Plastics, ~atcrials for Constructions - Thermoplastics - Thermo-
3et::; - Cor.1pr.>~ i u: - !iyhr irlsyntcmn 

!,onr1-t imc !.1ehdv1our (::>tat ic) 
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Stcess-strai~ Behaviour De~ending on Temperature - Test S~ !ed and 
Moisture 

Econocic Aspects 

Plastic Paints, Tolerances 

Constructit:.n of ~-todels and Prototypes 

Basic Principles for Mechanical Calculation: 
Temporary Variable Deformations - Characteristic 
Functions 

Reactive P.esin Systems 

Design of Constructional Parts: 
Friction and Wear - Snap-fit Joints - Press-fit Joints 

Ultrasonic Plastic Assembly 

Ouc:.sert '1'echnir.: 

Screw-fit Joints 

Plastic Screws 

Adhesive Joints 

CONTROL ENGINEERING 
F.Gregori 

Co:.trol Loop 

Controlled ~/Stem: 
Time ~eha·Jiour - i:eatinq Zone as ControlleC! !.>ystem 

Temperature ~easurement: 
~es~~tance ~h~rmo~eter - Ther~ocouples 

Dime:lsional 

Controllers: 
Continuous Controllers - Two-Position Controllers - Galvanometric 
Controller - Electronic Controllers 

Temperatur<: Control: 
Control O!;cillat.i()n - T·110-1•osition Control with Feedback - PD-
Control 1~d1aviour - Pl[l-Control uehav1our 
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6.3. GENF.RAL LECTURE NO'l'ES (Practical Introduction\ 

COMPOUNDING 
H.Wolanek 

CompounJ 1..-.g ~iethods 

Additives and Formulations~ 
PVC Stabilizers - Action of Heat Stabilizers - Groups of PVC 
Stabiliz~rs - Lubrican·- 3 - Processing Aids - Impact Modifiers 
Fillers 

Compounding Sachinery 

Mixing Procedure: 
Sintering of PVC - Ag~lomerating of PE-chips - Coloration 
Drying 

Test r-:.ethods: 
B~lk Density - Heat Stability Tests - Static Tests - Dynamic 
Tests - Pla::.tograph - Mixir.g Rolls - Rheometer 

COMPRESSION MOULDING 
R-Hillisch 

Toggle Lever Press 

Up-Stroke Press: 
Tabletting - Preheating 

100 ton-Laboratory-Press: , 
Comprrssion Mould for Testing-Cups - Determination of Closing
Timc (Closing Force) - Determination of Curing Time (Stiffness) 

16u ton Down-S~roke Preas: 
iloi ling Test 

COMPUTATION 
F.Mayer, P.Freisler 

General Facts 

Structure of a Computer 

Programminq Opnrations 

Ilow the Computer Countfi 

Description of the zuo Microprocessor 5ystem: 
Memory Allocation - Floppy Diskette~ - Data ?iles - System Start
up - Warm Start and Urive Selection - Directory 
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The Pro~ramming Language BASIC: 
Introauction Operators I~port?~t Instr~ctions and Comm nds 

C:xam~le: 
The Problem - Flowchart - Sclution of t~e Problem 

CONTH~r. TECHNIQUES 
G.Minarovich 

Open-Loop-Control 

Voltage Supply: 
Supply for Po·.ier Ur.it - Supply for Control Unit 

Standa:":"dized Connection Diagrams anj Sy,....~ois: 
Connection Didgrams - \·, iri~g Symbols 

The use of Instrument:; for :-\casuring the Current, Voltc.ge and 
Resistance: 
Test La~p - Mult1~eter 

Functional Descri?tion o~ a reversing Contactor Combinat1c~ 

Auto~atic-Control 

Defi.nition~; 

Auto::iatic Control Syst·?m an.J :.iloc:~ Di-'lgra:n 

Transic~t uesponse of d controlled Member 

·remperlturc ~ehaviour of :l ~arrcl Zone controlled !ly two-step 
Action Controller and Feed~ack: 
Feedback - 0ptimizaticn of the Feedback 

i::leccrical :-lethods for '.ieasur.ing l!-1e Temperature: 
:-teasuring 1,y :-:cans of a Tner:1ocouple: - i{esistanc.:e 'l'hermometer 

EXTRUSION 
H.Revesz 

Production of Tubular l~low) Film 

r::xtrusion of blown Double-Layer Films 

Product ion of f" loor i nr1 

!Jlow Moul:iinrJ 

Productir>n of Higid PVC Pipes 

Production of Pipes 



FINISHING 
w.aahr 

In-mold Metal Coating 

Vacuum Metallizing: 

- 1'::l -

'.'"'tse Ccatinq - Vacuum Metallizing - 'l'op Coating - Test-methods 

ElectroplatL.g: 
Holding - Part Design - Preliminary Trcat1:1enl - Cleaning - Sensi
tizing - Nucleiation - t~ectcoless Plating Initial ~lectroplating 
- Final Electroplating - A;:>plications - Test 1-IP.thods 

Appendix: 
Process Sequence for Plating ABS-Plastics - Formulations 

FOAMING 
H.Hubeny 

Classificatic-.1 of Plastic Poams: 
Material - .:itiffness - Cell !iorphology - r:.ensity - Uensity Dis
tribution - Fabrication Process 

Properties 

Processing: 
Expandc3ble bead :-lethods - Reactive Foam ::oulding - 'I'hermoplastic 
Foam f·ioulding - Foam Extrusion 

Polyurethane 'i'echnology: 
Polyurethanes - :•lould :-taterials - Practical L:xercises 

INJECTION MOULDING 
ff.Graf 

Adjustment of Processing Parameters: 
Box r-tould - Processing 'i'ernpeature ::culd 'i'empcrature - J\djustrr.enc 
of Pressure - Internal Pressure Clamping Pressure - Loss Factor -
Cooling Time - :.ta.chine Protocol 

Orientation - aechanical Pro;::>erties: 
Test Bars - Injection ~loulding Viachine - Processing Conditions -
Interpretation of Test Re~ults 

Foamed Thermoplastics: 
Introduction -Production of ih~:tures - Test Panels - Physical 
Propert'cs - Possibilities in Uesign of Machine ~nd Equipment 
Product.Lon of Panels - !·lachine Protocol 

The Principles of Process Control in Injection :1ou;ding: 
General - Internal Pressure - Inf luances on Internal Pressure 
Influences of Internal Pressure on the ~uality cf. Products 
Computerprogramme for the Calculation of cooling time - Location 
of the Pressuresensors in the Testbar - PVT-Diagram for Poly
styrene - Machine Protocol - 3urvcyor s Protocol 
Simultating Diagram 
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MACHINING AND FORMING 
£.Strohmayer 

Ha chi nin,J: 
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Cuttin1 iuillotine ~nears - Drilling - Sc·ewing - Turning 
Plan1n~ - A1llinq - filing - Grinding - Polishing 

~;e lei l D'j: 

Press-·.··::ldinr; 
Hot-Gas ~;eld tnq 

Forming: 

!ieat-.;::-.pu!.sice ;:eld1rq - ::igh !'"re~uenc/ ~-ie.1.ding -

Hendin9 - ;;hirl-S1ncering - Vacuu::i For::iing 

i·!orkshop Dra~ings - ~ark instructions 

POLYMER PHYSICAL ANALYSIS 
H.Dragaun, H.Muschik, M.Radax, H.Braun$teiner 

Density ~easure~ent 

;-leasure;nent of :-relt:. Viscosity 

:ieasure:,1ent ot ,~-Value 

~easurement of Viscosity - ~umber and Determination of Intrinsic 
Viscosity 

Optical :ticroscopy and Preparation 

~lectron ~icroscopy and Preparation 

?herual ~nalysis: 
DSC-Ji ff.::rent:ial :..;cann1n~; Calorir:ietcr - T:.iS-2 Thermomechanical 
Analyzer - ?~S-2 ~hormogravimetric ~naly~er 

QUALITY CONTROL 
M.Radax 

~tat:istical ~valuation - ~r~paraticn of ~pecimen - Tensile ~est -
Deterr:iln<:tion of t:-,., ~;-:.~odulus - Flexural '!'est - Modulus of Elas
ticit/ (flexural -.·e::;t) - ·~·cn;,ilc Ir:ipact Test - Ir:ip.1ct Flexutal 
·rest - :1arcrne:s::;; - Shorn .rardncss - Vicat Softening Temperature -
r~o I I~ 7'., - :~artcns 'l'em;)Crature - Oszillatinq Twisting Test 
~nvironncnt~l Stress Cracking - Pipe Testing 



REINFORCED PLASTICS 
W.R.Jessenig 

Theory 

Resins 

- 2.2 -

Reinforcements: 
Fibrous and Wire Reinforcements - Fibre Constructions - Nonwove 
Constructions 

Fillers: 
Filler to Resin uonding 

~lanufacturing Processes: 
Cont.1ct Moulding (Hand Lay-ut,1, Spray-up) - ilad Moulding - vacuum 
uag - Pressure Bag - Autoclave r.~oulding - Resin Injection System 
- Matched L>ie Moulding ,Compression :1oulding - Centrifugal Casting 
Process - Continous-Pultrusion Process - Continous-Laminating 
Process - Filament Winding Process (cont.and discont.) - Injec-
tion Moulding 

Aspects to Practical Processing: 
Surfacing - Gelcoat - Topcoat - ~-Iodels - ~·loulds - !lelease Agents 

Transportation and Handling 

Prepreg and Sheet l·loulding Cc..mpounds 

Precautions and First Aid 

Dimansional Fundamentals 

Constructional Fundamentals 

Economic Aspects and Future outlook 

6.4. SPECIAL LECTURE NOTES 

DATA CONVERSION IN INJECTION MOULDING 
ff.Graf, F.Mayer 

General P.emarY.5 

Measuring Pr.essurc: 
Piezoelectric Transducer - Charge Amplifier 

Measuring Temperature: 
Fluctuation Comp~nsation - Temperature Sensors 
Thermocouples - Plotter System 

- Preheatable 
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Measuring Front Flow 

MP.asuring Gistance: 
Inductive '·!easuring Sensors - Carrier F-::equency Amplifier 

Computerised Measuring: 
Digital Voltmeter - Interface - RS 232 Interface - System Compu
ter 

QUALITY CONTROL OF GRP-PIPES 
W.R.Jessenig 

Designation 

Company Cantrel: 
Control of Goods P.eceived - Resin Control - Textile-Glass Rest 
F11ler Control - Reactant Control - Production Control - Regular 
Production Control - Random Production Control - Acceptance Con
trol 

External Control: 
Test Volu~e - Recordin; - Designatio~ - Condition at Delivery 
~easurements - Pipe Stiffness - Longitudi~al Tensile Force 
Circul<ir Tensile Force - Choic~ of Specimens - Expertise and Test 
Retlort 

NEW RURAL APPLICATIONS OF PLASTICS 
:i.Muschik 

Introdi.;ction 
Protection of Plants by .:ets. 

Foils in ,\griculture: Introduction - Fl-:1t Foils - ":·Iulch-Foils" -
Plastic-Covered Tunnels - Foils for Sealing - aecycling of Foils 
- Greenhouses. 

Containers for Plants. 
cion \·iovons for :lulch-Techniqu~. 

Irrigation: Introduction - Jpray Tube - Sprinkler 
Irrigation Plants. 

Waste water ana Uraina1e: Waste ~ater - Drainage. 

Heating of Greenhouses. 

Storaqc of Agric·•ltural Products: Storage of \·/ood - Storage of 
Pruit and Veget~oles in Foils - Storage of Fruits and Vegetables 
in Sacks - storage of Liquids and Food. 

Coating. 
Technological ~ransfer. 



- 24 -

OUALITY CONTROL AND DAMAGE ANALYSIS BY MORPHOLOGICAL METHODS 
H.Dragaun 

Introduction: 
Definition of Quality - IncreasP. in Quality - Technological Pro
blem - Continous Melt Viscosimetry - Polypropylene Pressure Pipes 
- Morphology 

!·lorphological Methods: 
Optical Microscopy - Electron Microscopy - X-ray Diffraction 
Wide-Angle X-ray Scattering (WAXS) - Small-Angle X-ray Scattering 
(SAXS) - Thermoanalytical i·!ethods - Calorimetric Methods - Dila
tomet:r1c t-!ethods - Spectroscopy - Infrared Absorption (IR) 
Electron Spin l!esonance (ESR) - Nuclear Hagnetic Resonance (N!1R) 

?ractical Application in Damage Analysis: 
Crack 1ormation in Polyethylene (PE)-Pipe - Irregular Character
istic of Polyehtylene (PE) Sheets during rinishing - Different 
Abrasion Ch~racteristics of a Polypropylene (PP) Drive-Component 
- Diff~rentation of Pulyblends in various Polyethylene (PE) Types 
- Different Fracture Behaviour of Polypropylen/Polyethylen Copo-
ly~er - Fracture in a ~oulded Part (Fitting) of Rigid Polyvinyl
chlorid (2VC) 

ENVIRONMENTAL ASPECTS OF PLASTICS TECHNOLOGY 
E.Wogrolly 

Introduction 

Ud-,\ctivitic:; in the Field of :::nviron;,1ental Protection 

The ~nvironccntal !~pact of Plastics: 
Air Pollution - ~he Properties and Effect of Pullutants - Ozone, 
its possible biological ~ffects and ~eduction in the Atmosphere -
:;,;;~-Value::: - I·'ormilldehyde Odor and Health Problems within Resi
dences - ~oxicity of ~ormaldehydc - The Vinyl Chloride Problem 
.:astE! \·;ater 'l'rcatment: - Som·:? i.spcctz of ~laste Disposal - Plastics 
dastes in the Solid ·.iastes Stream - ;-:eclaim, Recycling and ;{eusc 
ot Plastics - r:cc?clin<"j .iixturns of Plastics - Separation of 
Plasti- · fror.1 r1ixeJ itcfusc - :..iodec;ra<lation - The ·rechnology of 
hiociegr.-:idablc I·' i l lcrz 

'i'he Compct:1venes::.; of PlJst1cs with tradi.:ional :iaterials after 
thP 1973 Oil Crisis 
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6.5. RESEARCH PAPERS 

DATA CONVERSION IN TeCHNOLOGY AND MORPHOLOGY 

Extrusion: 
New Possibilities of a Cascade Control of Extruders by Means of a 
Torsion-Sensitive Screw Tip - Continuous r-teasurement and Control 
of Viscosity througnout the Extrusion Process - Novel Systems for 
Viscosimetry of Polymer r-Ielts and Solutions 

Injection Moulding: 
The Principles of Process Control in Injection Moulding - Degas
sing of Plastics ~iaterials on Injection Moulding Machines 

r-torpholog1: 
A Comparison of Critical Elongation as Determined by the Ball 
Indentation :-1ethod and by Creep Test on Injection Moulded Rigid 
PVC Test Speci::iens - The Technology and Morphology of Polypropy
lene Pressure Pipes - ~icrofibrils in Brittle-Fracture-Surfaces 
on Isotactic Polypropylene at 4.2 K - Shear-Induced -form Cry
stallization in Isotactic Polypropylene - Determination of the 
Avra::ii Ex~onent of Partially crystallized Polymers by DSC-(DTA)
Analysis - C.}1~alitative Analysis of !·!clecular Structure of Poly
propyl0nc Fibres on the uasis of X-ray Diffration Patterns 

POLYURETHAN STRUCTURAL FOAMS 

Non-~estructivc OcterLlination of the Density Profile in Poly
urethane Structural Foams - Measuring and Influencing of the 
Density Uistr1bution in Polyurethane Structure! Foams - Statistic 
Sxanination of Cell Size Distribution in Polyurethane Structural 
roams 

RECYCLING 

The uehaviour of ifousehold Hefuse containing PVC J.O Incinerators. 



..... - ... ~ -
7. PLANT VISITS 

To the special interest of the participants 14 plant visits 
during the six-week course in Austria has been organized by 
LKT-TGM. 
The selection of the plants according to the interest of the 
participants gives a regional and technical survey on the 
Austrian plastic industry: 

•actuar 
~-40U Hc>dJr..•z Aciw:-s,..~e.. ;r 
Aws.·1.a 
r.; 011 'c •JU Oi H<>• r .. .,.c,.rc~J 

Balilienfeld • 
Kunststoffmaschinen Gesm.b.H. f ~~ 

••' ••.. : ;• •••• ! 



CHEMI~ LINZ 
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/------
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. ~·~ ·!-'.:.. £~~~7..!' ..... 
,.\,.'"' -~:_.rj.~. •''··. ' . "~-· 

: 

~: .. :~·~;1r~ 
IZll!Htt.1111• :: i.s. -il ·. 

~~ 
-,,; . ~ ~~ 
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Ludwig Engel KG 
Maschinenfabrik 

A-4311 Schwertberg. Austria 
Telefon 072621621 71-0 
Telex 02-17 4521 
Telegramme: Engel Schwertberg 

co~•u•:=11111E1.ros ZEZVllE 

W11!N·8t1!8llNMll'tTIN. 8T•PCAICG6>8111 "l <>QllTAN8C"4Rll'T lll:I• WllPI 

~·Tll'ACM Ill TIL. e7 lie •• A TILi)( 1313711 
TIL.e1 •e ll:I t.. 
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A-4550 Kremsmiinster •. 
Postfach 6. Teleton (0 7583) 
7251-0. Telex 23310 
Telefax(07583) 7251-282 
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-·--

'= Lenzing AG 
Plastics-Machinery Division 
A-4860 Lenzing -Austria 
Tel. 0767212511, Tx. 026-606 lenfa 

Pelroehemie Dlnulli9 Gn.m. D. H .. 

2323 Mennlwflf9'. OlnuDillCrl8e 21-25 
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~ potoplast t 
K.~ der Etemit·V't9tle 
Wdwic HaKhek und der 
Duril·V't9tle !(eon & Co. 

Zerirra!e: 
leo"<!ing bei Linz. R:liopldSt·Stra.'ie t 
A-4021 iJ.lZ. Fbs!f.ii:h 2i6 
Telefon: (Oi32) 80621-0 

.. ~ 02-mt pololz a 
i!!qr.amm fblopbsr lt"Z 
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:- ~

Osterreichische SALEN -
Kunst3toffwerk Gesellschaft m. b. H. 
A-1072 Wien, KaiserstraBe 45 
Telefon 0 22 2 /9615 01-0 Sarie 
A-3500 Krems!D .• SymalenstraBe 2-6 
Telefon 0 27 32 I 55 01-0 Serie 

KARL WESS Ges.m.b.H. 
Maschinen· und Formenfabrik 
Wiener StraBe 54-56 
2640 Gloggnitz 
Tel. 02662/2291, 2559 

1 75 wess a 
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8. SPECIAL EQUIPMENT FOR THE TRAINING PROGRAMME 

ALPINEr BRO: Extruders 
AVLr Graz: Electronic Control Systems 
BATTENFELD, B~D: Injection Moulding and Blow Moulding Machines 
BATTENFELD-FISCHER, BRO: dlow f.loulding 
BATTENFELD Kunststoffmaschinen GmbH. r Kottingbrunn: Injectior_ 

Moulding r-tachines 
BAUER, Schweiz: ~4easuring Instruments 
BECK:-L\ilil, USA: !1~-Equlpment 

BIZERllA, Vienna: Silo-Installation 
i>!U\NSON, USA: Ultrasonic i-telding 
BROSA, liRD: Control Instruments 
BUCHER-GUYER, Schweiz: Presses 
SULLr U~A: ~DV-Equipment 
CEAST, Italy: Testing ~quip~ent 
CHURCHILLr England: Water and Oil <.:irculating Controllers 
CUlcnrnATI r-~ILACRON, Vienna: EY.truders, Injection Moulding !'.achines 
COUDENHOVE UND HUimER, Vienna: Spray-Up Machines 
DE<·tES, liRD: Pre-Treatment Instruments 
EriGEL, Scilwertberg: Injection :·!oulding :-rachines -
i::PSON, Japan: EDV-Equi!)ment 
E~BA,Italy: Gaschromatogra?hy 
FHA:iK, .sr{D: Testing Equi~x:ient 
FUCHS, Vienna: Mills 
GOER~ ~lectro, Vienna: Instruments 
GO'l'TfER'1', BIW: Rheological Equipment 
!iAAC:~, Vienna: Laboratory ::r:uip:::cnt 
HAGi;;DORN & JAILLY, :iKD: Water and Oil Circulating Controllers 
i!ART:·iA,·!:·. ~ .rn;,u:;, LlW: control System!> 
HASCO, Vienna: :!oulds 
HEN3C::!.:;L, iHW: =axers 
HO~EYWELL ~ull, Vienna: Time Sharing 
i!OTTl)lGS:~, Vienna: ·~·orc;ue :-~easurer.ient Equipment 
Jt:OL, Japan: :::lectror: :·Iicroscopic I::quipment 
JO.::::i~, ul·:D: Control Systems and P.ecorders 
JU'.·10, :.1.K.Juchhein, UiW: Control Instruments 
ILLIG, UiW: Vacu;i:-:1 For:r.i ':.J ::achincs 
KIEFEL, dHD: Fil~-Extruder 
KRAUSS-~AFFSI, CUD: Foar.iing, ~xtrusion, Mecycling 
K-TRO:: SODI-;R, Schwe i z: Meterinc;-Comp:..t('r 
LINK, GB: X-Ray Analytical Equipment 
L0DIGE, U~Ll: ~ixer 
:·IEDEK t ~;c:Hun~.;EH, Vienna: ~1qnator (:·tarY.er) 
:-tETRAHA'rT, ~rw: Cont.:-ol Systems 
:-\E'~"r~,ER, Schweiz: Anal~·tical Instrument5 
:·!IK£::THmJI:<, Pulkau: t::lectronic l::quipr.u:mt and Computer 
:~t:TS'l'AL, Schwci7.: Injcct~on '.·louldinq :·!achincs 
PAAR, Austria: Electron ~icroscopi0 Preparation 
PERK!~:-r·:r,:u:1~, lJSA: Analytical Instruments 
PHILIPS, Vienna: Contrnl Sy!>tcms clnd Hocordet·s 
f'l~CJL> I :;TrH t~U1 I<J:I, :.ichwe i z, Do!> age f::qu i pmen t 
PVI·, Wal~breitbach (Austria): Electronic ~quip~ent 
R~rcm:w1·-.wr;c;, Vianna: :-iicroscopic f:1~irmcnt 
SATORIU~, URU: Analytical Instrument~ 

SCllLUM1.11·;,~G::H, Vienna: i·:lectronic t:quipmnnt:; 
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SINGLE, BRO: Water and Oil Circulating Controllers 
STAIGER & MOHILO, BRO: Instruments 
STOUGAARD, Danemark: Instruments 
TIEDEr-!AN:t, BRO: Optical Instruments 
TROESTER, BRO: Calanders, Roll Mills 
UUILABJR, Vienna: Electronic Equipment 
UNl'l'EK, Vienna, Extruder heads for cables 
VIKING, UK: PUR-Foaminq ~tacoines 
WITl!OF, BRO: Control Systems 
ZWICK, BRO: Testing Equipment 

'_,~· 
~~ 
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Laboratory for Plastics Technology 

~ JLJK.T- staf-lli~ 
.v.-. oi te., 

Dl~NlER 

~u..tt:(Ct:H 

4 *"of a:!.. '86 
c.tt 4,30 ,,,tt\. 
M.cd-~, ~.ct..:. 
!-M.~~~· 

l>i~: 7 P"'· i.1'\ 
~\~s.e.tbu.c«j" ••c.c~ ' 
All. f u.'Cflu.c ~"~;A: 

~b.d: H iUisclv 

L~r-U\t~r.r: 
I~~ l;.>"U' c~,.n;t..,....T 
vw\ t ~(,l • .U, ... H ,,( \-l'lv-c},p "")!~ : 
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~== ~ ~ Kunststofftechnik ==~ 
Laboratory for Plastics Technology LKT-TGM 
Aus.Ulan Society for Polymer Engineering 

17th UNIDO Group Training Proqramme in 
Plastics Technology, Austria 1986 

INVITATION TO THE FAREWELLE 
PARTY 

~: 
( Robert Helm 

THURSDAY, 13 November 1986 6.30 p.m. 

Vienna and Wine are inseparable 

l Weinbau - Buschenschank r: Stammersdorfer StraBe 121 

1210 Wien 
Telefon (0222) 391244 
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Austrian Laboratory for Plastics Technology 

SID-Programme 

Special Industrial Development Programme in Polymer 
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Austrian Laboratory for Plastics Technology 

Special Industrial Development Programme in Polymer 
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Austrian Laboratory for Plastics Technology 

SID-Programme 

Special Industrial Development Programme in Polymer 
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Laboratorium fur Kunststofftechnik 
Ges~.·:;<; ..... .;·r ~·.;r Forc'3run11 dt:?r l•(:1i"';~'itvffte.::r.n1~ 

To 
U N I D 0 
att.Mr.D.Gardellin 
Acting Head Purchase and Contract 
Service 
P.O.Box 300 
1400 Wien 

B 024/Mi 

Betrifft: CONTRACT No. 86/S6 

~ 

UNIDO Project No.US/INT/86/068 
Activity Code: US/05/32.1 

Financial Statement 

1986-12-23 

a. Introduction theory: 48h l S60,-
b. Introduction practice: 96h per group l 975,-

26.880,-
280.800,-
36.720,-
8.960,-

2l.400.-

c. Seminar 16h per group l 765,
c .Problem Solving 8h l 1.120,-
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Financial Statement 
a. Introduction theory: 48h l 560,-
b. Introduction practice: 96h per group l 975,-
c. Seminar 16h per group l 765,
c1.Problem Solving Sh l 1.120,-
d. Practical experiments Sh per group l 975,-

.e. Equipment and material, 450h l 600,-
and 104h per group l 400,-

f. Programme directory 
9. Plant visits (travel expenses,accompaniment) 

8 travel days in Austria 
h. Lecture notes, new edition of 

reprint of 612 pages, 15 sets 
and technical books (plastics 
• 548,-

94 pages l 350,
l 4,- per page 
handbook) 

26.880,-
2ao.aoo,-
36.720,-
8.960,-

23.400,-

394.800,-
79.000,-

98. 722,-

77.840,-
6.735,-

l .. Q~~ .. 1~1,:. 
i. Mailing 

iitQi=ii~ti 

li- ~ l ._____ 
I; H.Hubeny 

·1':1~ 
w!ili 

Organisation 

'• 
I 

·1 ., 
·' 

I· \'. Programme Direct 
.\ • ·\. • • . • • ' .... 'f' ,. H' • I ·~ , \ .. ~ .\.~-· ," ,',." ... ·•' _r • ·~. .r• , ·• ••• .r',: • ,, • 

......... -, .. _ ··-· ·-- ---



Training 

College of Plastics Technology 
--

Vocational Training Cousses 

.... .. 

Testing 

Feder'al Centre of Testing Mat~ials fOf' Plastics Technology 

Fields of Authorization: 

Research 

Research Institute of the Austrian Society for Polymer Engineering 




